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ABSTRACT

The Standard Ship Motion Program, SMP, was developed at the Carde-

rock Division, Naval Surface Warfare Center, and documented in 1981 as

a prediction tool for use in the Navy's ship design process. SMP pro-

vides predictions of the response of a ship advancing at constant forward

speed with arbitrary heading in both regular and irregular seas. In 1984,

a number of corrections and enhancements were finished and documented.

In 1987, the Naval Sea System Command installed an undocumented

FORTRAN 77 version on their Digital VAX hardware. From there SNIP
migrated to the personal computer. Additional features and improvements
have been made. Predictions of horizontal force estimator were incorpo-

rated into SMP. An option was added to reduce run time and minimize
unwanted output. Extra wave frequency sets designed for small boats were

also added.

ADMINISTRATIVE INFORMATION

The SMP93-PC updates were performed at the Carderock Division, Naval Surface

Warfare Center, (CARDEROCKDIV) over the years 1991 to 1993. This documentation

was funded by the United States Coast Guard (USCG) through CARDEROCKDIV

work unit numbers 1-1561-059-01 and 1-5610-353-01. The fund code for this task is

28693 and the USCG authorization reference is DTCG23-93-F-AWP0O3.

INTRODUCTION

The Standard Ship Motion Program, SMP 1 , was developed over a number of years

at the Carderock Division, Naval Surface Warfare Center, (CARDEROCKDIV) t and

finally documented in 1981. This program provides a standard ship motion prediction

tool for use in the Navy's ship design process. It was enhanced and updated in 19842.

These two early versions, designated SMP81 and SMP84, ran on Carderock's mainframe

computer, a CDC CYBER 6600 (FORTRAN IV) and later on a VAX (FORTRAN 77).

The early PC version of SMP, developed in early 1988, was based on the VAX (FOR-

TRAN 77) version of SMP84, maintained by Naval Sea System Command (NAVSEA)

Code 55W3 and designated unofficially as SMP87. It should be noted that this VAX

tThen named David Taylor Naval Ship Research and Development Center (DTNSRDC)



version of SMP84 was altered by NAVSEA staff to "improve" the wave frequency ranges

selected automatically for ships with shorter roll periods than those normally associated

with carriers or destroyers and frigates and thus became SMP87. SMP87 was used as

normal practice by NAVSEA; CARDEROCKDIV; and other US Government agencies

in ship design and related studies.

The deployment of an intial version of SMP87-PC on the USS Constellation in the

Indian Ocean clearly brought out the need to simplify the SMP input interface for the

user. As a result, a PC user interface, PREDICT3 , was developed to run SMP.

It is necessary when using SMP to define both the base range and distribution

of wave frequencies for the computed transfer functions. All other required transfer

function values at frequencies of the encountered waves are obtained from this basic set

by interpolation. SMP relieves the user of the chore of providing this wave frequen.cy

information by automatically selecting a suitable range of these wave frequencies. This

choice is made on the basis of the natural roll frequency from a set of frequency ranges

"built into" the program.

The early versions o' SMP, SMP81 and SMP84, contained just two built in wave

frequency ranges. The transfer functions at the base frequencies must be calculated

with a fine enough resolution to permit a good definition of the narrow banded roll

response.

In 1991, two studies of a USCG Buoy Tender (WPB), identified the need for extra

frequency sets that provide adequate resolution for the transfer functions, especially for

roll. The third wave frequency set, added by NAVSEA, resulted in numerical instabili-

ties of the responses, particularly those related strongly to roll, for these smaller ships.

These instabilities were illustrated by erratic variations of the root mean square (RMS)

responses with consecutive heading values or ship speed. The modification of the third

wave frequency range to account for the responses of the much smaller Buoy Tender

(WPB) forced a revision of the PC based SMP87 and was designated SMP91-PC (dated

4/21/91).

Later work with the 1993 USCG Seakeeping Criterion Definition Program resulted

in the addition of a fourth wave frequency range. The resulting program designated

2



SMP93-PC now contains the four ranges of wave frequencies where the most recent

addition was the one required for small boats (47 - 110 feet).

The collective set of updates to SMP84, that result in SMP93-PC, are designated

as the SMP93-PC updates. They include:

1. Changes in FORTRAN source code due to change from CDC CYBER to VAX.

2. Changes in FORTRAN source code due to change from VAX to PC compiler.

3. Addition of Origin transfer function (ORG) file only run option.

4. Addition of horizontal force estimator response 4

5. Two extra wave frequency sets with frequency resolution appropriate for ships

and boats with short roll periods.

This report deals just with the updates to the SMP84 version2 that result in SMP93-

PC. The theory for the predictions are documented in References 1 and 2, and will not be

repeated here. The changes to the input description are minimal and only the changes

since SMP84 will be dealt with in this report. References 1 and 2 fully document the

input "deck" description for SMP84.

PC ASPECT OF SMP93

The PC version of SMP is coded in Lahey FORTRAN 77 and requires a math co-

processor to run. Appendix A describes linking SMP93-PC using overlays. Though

the code has not been converted to a 32 bit compiler, using one would probably avoid

overlay linking.

The differences between SMP versions due to FORTRAN compilers deal mainly

with the opening and closing of files. Random access files needed restructuring. Also

the subroutine CPINTG was made double precision to avoid numerical difficulties due

to loss of accuracy from the 60-bit word (CDC CYBER) to the 32-bit word (VAX and

PC).

Additionally, four new utility subroutines were added: ELTIME, EXP, RDSMPSYS,

and SLENGTH. Table 1 lists the new subroutines and their function. Subroutine SECT

has been renamed SECTI, but still performs the same functions.

3



Table 1. Subroutine new to SMP93-PC and their function.

ELTIME Calculates elapsed time using DOS functions.

EXP Avoids underflow with Lahey FORTRAN 77 EXP function.

RDSMPSYS Read SMPSYSoTEX and sets file names and paths.

SLENGTH Returns the length of a character string.

Also the common block 10 was changed. The new common block is:

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

And the common block SMPSYS was added to subroutines: AINPUT, EQMOTN,

HSTAT, HYDCAL, INPUT, LRAOOUT, OUTPUT, ROAOUT, RDBASE, READ,

REGWAV, RMSOUT, RMSTOE, SEVMOT, SPLNFT, and WAVMAK.

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2 SMPOS,SMPDS, SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS,LHALOS,LDEV,LPRN,LSMPPS, LSMPIS,LSMPOS, LSMPDS,LSHPTYPS,
2 LSHIPS,LTITLES

CHARACTER*160 AS
CHARACTER*80 FIS, SIS,SOS, SDS,TITLES
CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMPISSMPOS,SMPDS,SHPTYPS
CHARACTER SHIPS*6,VARS*2,CYCLS*2
INTEGER*2 OPTION

Rather than listing all the source code differences individually, Appendix B has a

complete listing of the SMP93-PC version source code. Though the PREDICT user's

manual3 has a listing of an early version of SMP93-PC source code and a brief descrip-

tion of the changes, this report is more complete, and should be used as the definitive

reference for SMP93-PC.

RUNNING SMP93-PC

SMP93-PC can be run as either a stand-alone program or using a user interface,

such as PREDICT3 .
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Running SMP93-PC stand alone

The steps for running SMP93-PC as a stand alone program, assuming a directory

structure is in place, are:

1. Change directory to SMP input directory and make changes to SMP input file if

needed.

2. Change directory to SMP executable directory.

3. Update SMPSYS.TEX if needed.

4. Run SMP93-PC executable.

To run SMP93-PC as a stand alone program requires a specific directory structure,

file location, and naming convention. When SMP93-PC runs, it reads a control file,

SMPSYS.TEX, for the names and directory paths of the input and output. SMP-

SYS.TEX must be named SMPSYS.TEX and must be in the same directory as the

SMP93-PC executable. See Figure 1 for an example directory structure. Figure 2

shows an example SMPSYS.TEX file that corresponds to the directory tree in Figure 1.

SMP93-PC generates file names and paths using the information in SMPSYS.TEX.

To change file names and path, edit SMPSYS.TEX and change only the data after the

equals (=) sign.

The directory tree and naming convention seen in Figure 1 are briefly described

next.

Directory structure The directory/sub-directory structure is mandatory, though

their names can be any valid DOS name. The directory names must match the paths

given in SMPSYS.TEX. SHIP TYPE, e.g. DESTROYR, is a sub-directory of the directo-

ries named in the SMP INPUT PATH, e.g. SMPINPUT, and SMP OUTPUT PATH, e.g.

SMPOUTPT. CURRENT SHIP, e.g. DD965, is used as the basis for the file names and as

a subdirectory of SMP DATA PATH, e.g. SMPDATA.



D:\SM

D:SMI- - SMP93. EXE SMPSYS .TEX

-D:\SMPINPUT

DE TR Y DD96 SH6 .INP

D:\SMPOUTPT
DESTROYR

DD965H6 .TEX

DD965H6.OUT
DD965 .TLT
H STAT. TEX

D:\SMPDATA

L........DD965 jDD965H.POT DD965H.COF DD965H.LCO
DD965fl.HPL DD965H.LRA DD965H.ORG

DD965H.ILAO DD965H.RMS DD965H.SEV

DD965H.SPD DD965H.SPT DD965H.LAC

DD965H .LAE

Fig. 1. Directory structure for SMP93-PO.

HALO PROGRAM PATH-C:\HPRO FOR
HALO GRAPHICS SCREEN DRIVER-IBME
HALO PRIN~TER DRIVER-EPSN
SMP PROGRAM PATH-D: \SMP
SMP INPUT PATH-D:\SMPINPUT
SMP OUTPUT PATH-D: \SMPOUTPT
SMP DATA PATH-D:\SMPDATA
SHIP TYPE-DESTROYR
CURRENT SHIP-DD965
VARIANT-H
CYCLE=6
TITLE= from HFDS T-39.7 92-12-11
OPTION-2

Fig. 2. Example SMPSYS.TEX file.
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Naming convention ; The SMP input file is the concatenation of the CURRENT

SHIP, VARIANT, and CYCLE variables with INP for an extension, e.g. DD965H6. INP.

The CURRENT SHIP variable, e.g. DD965, has a maximum length of five characters.

The variant typically indicates major changes to the input file and the cycle keeps track

of the number of times the file has been changed.

The SMP output files are the concatenation of CURRENT SHIP and VARIANT,

e.g. DD965H with the appropriate extension. The files and their extension are discussed

in the OUTPUT section.

Running SMP93-PC using PREDICT

PREDICT 3 is a menu driven shell that allows the user to choose, view, and edit

input SMP files, run SMP93, select output files to save, and make polar piots of the"

responses, or plots of the hull form. PREDICT uses the same directory structure and

naming convention used when running SMP93-PC as a stand-alone program, Figure 1.

The PREDICT user's manual3 describes the file structure and naming convention fully.

PREDICT also provides the option to continue'and generate time history data using

Simulation Time History ".Lnd Access Time History programs'. Figure 3 shows the

overview of PREDICT and where SMP93-PC fits into it. Table 2 gives a brief descrip-

tion of the different parts of the PREDICT package.

UPDATES TO THEORY

The ship motion theory used for the predictions is the same for the PC version as

for the VAX and CDC versions. It is assumed the user is already familiar with the ship

motion theory, variables, coordinate system, files, and input/output schemes that are

described in the SMP User's Manual. 1 ' 2 These details will not be repeated here.

SMALL BOAT FREQUENCY RANGES

The original two wave frequency sets have frequency resolution in the range most

applicable to carriers, destroyers, and frigates. The original third frequency set had

numerical instabilities with ships smaller than frigate size, with natural roll periods less

than nine seconds. This was especially noted in responses that had a roll component.

7.
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Table 2. PREDICT sub-program descriptions.

Program Description

PREDMAIN The top level menu and link between the frequency, time do-
main, and plotting branches of PREDICT.

SMPMAIN The main menu for the frequency domain branch of PREDICT.
SMP Frequency domain predictions of ship motion. Uses most recent

version.

SMPEDIT Editor for SMP input files that keeps track of file naming con-
vention and correct format fields for data.

HULLPLOT Generates plots of the hull form.

POLAREGA Generates speed polar plots of the ship motion response.

STHMAIN The main menu for the time domain branch of PREDICT

STH Time domain predictions of six degree of freedom response at
ship center of gravity.

ACTH Time domain predictions of absolute and/or relative point
motion.

ACTHEDIT Editor for ACTH input files.

WRTASC2 Converts ACTH binary format output to ASCII format.

CLTMAIN The main menu for the plotting branch of PREDICT.

DLPLOT Plots time histories of ACTH predictions.

9



numerical instabilities with ships smaller than frigate size, with natural roll periods less

than nine seconds. This was especially noted in responses that had a roll component.

The original two wave freiuency sets would have had similar numerical instabilities had

they been used for smaller ships.

The cause of the numerical instabilities in the root mean square (RMS) responses

as a function of ship speed and heading were traced to an inadequacy of the defined roll

transfer function frequency range. With only 30 wave frequencies per set, it is important

to have more wave frequencies grouped near the natural roll frequency. With small boats

this also means increasing the range of modal wave periods to span the shorter response

periods.

Range $4 4.00-
USCG/USN Boats

Range 13 3.00 :i ii ER.. H" i I I iI t
USCG/USN Small
Ships

Range !2 2.00 ;L::::,,,,,,,,, . ,:'
Destroyers
Frigates

Range #1 1.00- II : I
USN Carriers
large ships

0.00 I I i

000 1.00 2.00 3.00 4.00

Wave Frequency in Radians/Second

Fig. 4. Wave frequency distribution for SMP-93 frequency sets.

As a result SMP93-PC uses four wave frequency sets. The last two have increased

resolution in the frequency range most applicable to small boats. The new wave fre-

quency sets, ranges # 3 and # 4, are used when the roll period is less than or equal

10



Table 3. SMP93-PC wave frequency set summary.

Maximum
Range Type of Ship/Boat Roll Period Wave Periods Resolution Range

Seconds Seconds Seconds

#1 Carriers/large ships To > 15 3.14 - 31.4 12.56 - 22.43

#2 Frigates/Destroyers 9 < To < 15 2.62-31.4 10.47 - 15.70

#3 USCG/USN small ships 5 < T, < 9 1.57 - 31.4 6.28 - 12.56

#4 USCG boats To < 5 1.57 - 31.4 2.09 - 6.28

The two new wave frequency sets, FREQ3 and FREQ4, werc added in subroutine

READ. FREQ3 is: 0.2, 0.3, 0.4, 0.5, 0.55, 0.575, 0.6, 0.625, 0.65, 0.675, 0.7, 0.725, 0.75,

0.775, 0.8, 0.825, 0.85, 0.875, 0.9, 0.95, 1.0, 1.1, 1.2, 1.3, 1.5, 1.8, 2.0, 2.5, 3.0, 3.5, and

4.0. FREQ4 is: 0.2, 0.4, 0.6, 0.8, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1,

2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.2, 3.4, 3.6, 3.8, and 4.0.

HORIZONTAL FORCE ESTIMATOR

SMP93-PC has the capability to estimate the horizontal force at the points defined

in the Motions at a Point Data Card Set. The horizontal force estimator (HFE) is the

estimated ship-referenced acceleration in the horizontal plane4 . It is a combination of

the earth referenced lateral acceleration and the horizontal component of gravitational

acceleration due to roll (heel). Thus, the horizontal forces applied to people and equip-

ment on the ship by the motions are now also predicted. Horizontal Force Estimator is

defined by:

HFE = -W'Z 4 XC)~ (1)HFE = -w.((2 - Z(4 + X(6) + (4(I
g

Where C is a transfer function with sub-scripts 2, 4, and 6 referring to sway, roll,

and yaw respectively. X and Z are the x and z coordinates of the point locations, see

Figure C-1 of Reference 1 for a coordinate system diagram; w, is the wave encounter

frequency; and g is a gravitational constant.

11



SMP PROGRAM CHANGES

INPUT

The input for SMP consists of underwater hull form shape, ship weight distribution,

appendage details, specific shipboard locations, and wave data. This input is broken

down into 15 Data Card Sets which are described in Appendix C of Reference 1. The

modification to start or stop after generating an origin transfer function (ORG) file

required changes to Data Card Set 2 (Program Options). The addition of horizontal

force estimator (HFE) required changes to Data Card Set 12, card 1. See Table 4 for a

sample input file. The changes to the two data sets for these new options are described

below:

ORG File Start and Stop Option

With this option activated, SMP93-PC can either start using an existing ORG file

or stop after generating the ORG file. This provides a time saving if only the ORG

file is wanted. The major run option, OPTN, must be either 4 or 5 to start using

an existing ORG file. The ORG file contains the transfer functions of the ship's six

degrees-of-freedom about the center of gravity.

The flag, ORGOPTN, was added to Data Card Set 2, Program Options, as the

seventh variable (integer, column 40). Possible values are:

0 or blank = Normal run.

1 = Stop execution after generating ORG file. Do not perform sta-
tistical calculations.

2 = Start execution using an existing ORG file (OPTN=4 or 5).
Read ORG file and perform statistical calculations.

Horizontal Force Estimator

SMP93-PC has the capability to estimate the horizontal force at the points defined

in the Motions at a Point Data Card Set 12. To turn this feature on, set column 10 of

Data Card Set 12, card 1, to 1.

0 or blank = No horizontal force estimate calculations or output.

1 = Horizontal force estimates for motions at point locations.

12



OUTPUT

The changes to the output file (OUT) are minimal. Horizontal force estimates have

the same format as other response output. The change in wave frequency ranges also

changes the range of modal periods used for irregular seas calculations. The modal

periods for the new wave frequency sets, FREQ3 and FREQ4, are: 3, 5, 7, 9. 11. 13. 15,

and 17. See Table 5 for an example of the output affected by the input changes. Note,

the example assumes that the user already has an ORG file, otherwise SMP93-PC will

stop before performing irregular seas calculations and there would be no HFE response

tables.

The main difference between the VAX and PC versions is the treatment of the

output files. Table 6 gives a list of the extensions used by the SMP93-PC and how they

compare with the SMP87 version. The SPL file in the SMP87 version either has spline

fits of the body plan or response data for speed polar plots depending on main run

option. SMP93-PC writes body plan spline fits to the HPL file and splits the response

data found in the SPL file into two files, SPD and SPT, to avoid memory problems.

The SPD file has RMS response and modal period data in a binary format. The SPT

file has speed, heading, and response name information in an ASCII format.

The PC output files are written in sub-directories in the SMP DATA PATH and SMP

OUTPUT PATH directories from the SMPSYS.TEX file. Only the output file (OUT),

run log (TEX), and hydrostatic output (HSTAT.TEX) are in the SMP OUTPUT PATH

sub-directories. All the rest are in the SHIP TYPE sub-directory of SMP DATA PATH

directory, e.g. SIPDATA\DESTROYR.
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Table 4. Example SMP93-PC input deck.

WPB 8236 82' PATROL BOAT C CLASS FL 5/18/93 PROP STRUTS INPUT AS PASSIVE RUDDER

2 0 0 1 0 0 1

FEET 1.9905 32.17250.00001279

78.0000 15.7800 5.9500 72.30 8.0000 8.0000 0.0000

3.2400 0.0000 7.2100 0.2500 0.3700 0.2500

21 0
0.0000 1 0

0.0000 0.00
0.0000 5.95
1.0000 5 0

1.0000 0.00 0.35 0.71 0.98 1.21

1.0000 2.23 3.00 4.00 5.00 5.95

2.0000 5 0
2.0000 0.00 0.97 1.54 1.96 2.33

2.0000 2.00 3.00 4.00 5.00 5.95

3.0000 7 0
3.0000 0.00 1.00 1.57 2.00 2.39 2.86 3.27

3.0000 1.83 2.48 3.00 3.45 4.00 5.00 5.95

4.0000 6 0
4.0000 0.00 1.00 2.00 3.00 3.80 4.21

4.0000 1.72 2.24 2.89 3.75 5.00 5.95

5.0000 7 0
5.0000 0.00 1.00 2.00 3.00 4.00 4.65 5.07

5.0000 1.66 2.11 2.59 3.16 4.00 5.00 5.95

6.0000 8 0
6.0000 0.00 1.00 2.00 3.00 4.00 4.72 5.44 5.89

6.0000 1.63 2.00 2.46 2.86 3.39 4.00 5.00 5.95

7.0000 9 0
7.0000 0.00 1.00 2.00 3.CO 4.00 5.00 5.38 6.15 6.55

7.0000 1.66 1.96 2.32 2.65 3.10 3.69 4.00 5.00 5.95

8.0000 9 0
8.0000 0.00 1.00 2.00 3.00 4.00 5.00 5.96 6.77 7.11

8.0000 1.68 1.95 2.28 2.61 2.95 3.38 4.00 5.00 5.95

9.0000 9 0
9.0000 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 7.53

9.0000 1.77 1.99 2.28 2.57 2.91 3.19 3.66 4.59 5.95

10.0000 10 0
10.0000 0.00 0.17 0.17 0.24 0.52 1.00 3.00 5.00 6.86 7.89

10.0000 1.03 1.03 1.20 1.85 1.93 2.07 2.60 3.15 4.00 5.95

11.0000 10 0
11.0000 0.00 0.17 0.26 0.30 0.95 2.00 4.00 6.00 7.17 8.05

11.0000 0.92 0.92 1.18 2.08 2.25 2.45 2.92 3.45 4.00 5.95

12.0000 10 0
12.0000 0.00 0.17 0.28 0.29 1.00 2.00 4.00 6.00 7.28 8.07

12.0000 0.84 0.84 1.47 2.19 2.33 2.59 3.01 3.47 4.00 5.95

13.0000 10 0
13.0000 0.00 0.17 0.28 0.31 0.75 3.00 5.00 7.20 7.95 8.06

13.0000 0.71 0.71 1.47 2.44 2.54 2.96 3.33 4.00 5.00 5.95
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Table 4. Continued.
14.0000 10 0
14.0000 0.00 0.17 0.27 0.29 0.31 0.75 2.17 5.00 7.42 8.05

14.0000 0.63 0.63 1.20 2.19 2.65 2.75 3.00 3.47 4.36 5.95

15.0000 10 0
15.0000 0.00 0.17 0.26 0.31 0.36 0.70 3.00 5.00 7.39 7.97

15.0000 0.49 0.49 1.00 2.44 2.88 3.00 3.34 3.64 4.44 5.95

16.0000 10 0
16.0000 0.00 0.17 0.26 0.30 0.39 1.00 3.00 5.00 7.32 7.87

16.0000 0.39 0.39 0.80 2.20 2.98 3.29 3.56 3.82 4.50 5.95

17.0000 10 0
17.0000 0.00 0.17 0.26 0.31 0.40 1.00 3.00 5.00 7.26 7.74

17.0000 0.25 0.25 0.92 2.65 3.40 3.56 3.80 4.03 4.57 5.95

18.0000 7 0
18.0000 0.00 1.00 2.00 4.00 6.00 7.20 7.58
18.0000 3.74 3.83 3.95 4.15 4.34 4.66 5.95
19.0000 9 0
19.0000 0.00 1.00 2.00 4.00 5.53 6.72 7.14 7.25 7.43

19.0000 4.00 4.11 4.21 4.36 4.43 4.56 4.72 5.00 5.95
20.0000 9 0
20.0000 0.00 1.00 2.00 4.00 5.58 6.76 7.07 7.11 7.22
20.0000 4.29 4.41 4.47 4.59 4.62 4.71 4.79 5.00 5.95

0
1
9.2308 17.0000 18.0000 0.0000 1.7824 0.2500 3.7413
2

19.2100 19.6600 3.7500 4.3750 4.3750
19.2100 19.6600 3.7500 1.8750 1.8750

18.1649 18.4923 3.9565 3.8020 3.9063

18.3521 18.5724 4.2215 2.0313 1.8906
0
0 0 0
3 1
1 PILOT HOUSE AT HELMSMAN CHAIR 8.2051 0.0000 20.0000
2 FWD BERTHING, PORT/TOP BUNK 3.3333 5.0000 12.0000

3 MAIN DECK, BOAT DECK, STBD RAIL 15.3846 -7.5000 10.5000
3 0
1 PORT PROPELLER TIP 2 18.9017 4.1600 3.7500 0.8538

2 STATION 2, SLAMMING 1 2.0000 0.0000 2.0000 0.8538

3 MAIN DECK,STBD RAIL 3 15.3846 -7.5000 10.5000 0.8538
1 2.0000 SIGNIFICANT
2.6200

STOP
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APPENDIX A: LINKING SMP93-PC USING OVERLAYS

Due to memory constraints, it is necessary to link SMP93-PC using an overlay

loader. The authors used an overlay loader designed for the PC called PCLINK, a third

party program. Table 7 ha.,i the PCLINK overlay instructions assuming the object files

reside in the directory C:\SMPPC\SMP. The current version of SMP93-PC has not been

converted to the newer 32 bit compilers. Such a conversion should be straight forward

and would probably result in further restructuring of the random access files and not

require an overlay loader to link the program.

Table 7. PCLINK overlay instructions for SMP93-PC.

OUTPtJT C:\SMPPC\SMP
FILE SMP93,ALGRNG,ATAN2D,BMAX,CPFIT,CPINTG,CPLVAL,LRAO,RAOPHA,

SPINTG, SPFIT, SPLVAL, EXP, ELTIME, SLENTH,RDSMPSYS, PRELIM
OVERLAY F77LCODE, F77LDATA, F77LCOMN
BEG SECT FILE INPUT,CUBC02,SPINT2,SPLNT2

BEG SECT FILE READAINPUT,GENOFS,BRWVSP,SPLNAR
SECT FILE HSTAT, NORMAL,VUNIT2, CONIWT, PDER, PADD, RSOLVE, SPPLV2,

NORMTS, RDCOMP, PMPY, PVAL, PINT, TRIM, SPLNFT
SECT FILE HSTOUT

END
SECT FILE REGWAV, CDCOMP, CSOLVE, EDMKSP, FINTSP, REVAL, SKFRSP
BEG SECT FILE HYDCAL

BEG SECT FILE HYD2D, TWODPT, GRNLOG, GRNFRQ,ALAG, EXPINT, WTPELM,ATAN3
SECT FILE T3DAMD,RPHI2D,T2DAMD,AMDPRN
SECT FILE COFOUT,AMD,RDPEI2M,EXFOR

END
SECT FILE RDBASE,RDPRIN,WAVMAK,MLLIFT,RDLIFT,SKLIFT,BKLIFT, FNLIFT,

SKNFRC, RDEDDY, HLEDDY, BKEDDY, FNEDDY, CEVAL, SECT1, TANAKA,
VISC, SERAB, SERD, SERE, FTWO, FIG56, FIG7, FIGS,FIG10, FIG11,
CALRGM, BILGEK, CMINR, SBEDDY, SBLIFT

SECT FILE EQMOTN,LIMIT,SOLVE,CLIP,TRNLAT,RDEVAL,RVSLAT,LSCOF,
INERST, ACTFIN

END
SECT FILE IRGSEA, RMSTOE,WEDEFN, RAOPHS, PRAO,ADRES , ORAO,VELACC, RELMOT,

RMS,TOE, PSPSC, SCB2,XMSSC, PSPLC, INTRPL, TEPEAK, FNRAO
SECT FILE OUTPUT,RSTITL,RLITR
BEG SECT FILE RAOOUT,ORGRAO,TFNFIT

SECT FILE LRAOUT
SECT FILE RMSOUT, RLITER, FETCH, DKWSLM, SETSEV, SEVMOT

END
END
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APPEINDIX B: SMP9'13-11C SOURICE' CODE lAsTiNG

Thi apen ixis a itniftesi c ocs iia u ot identitica1. to Ap~'Ii~cii \ II of Ref, ;Vile 1.

C SMP93 PROGRAM LIBRARY-

* * PROGRAM SMPQ3

* Standard Ship Motion Program (SMPQ3)I * for Personal Computers

* ~Operatin sytemn MS-DOS Version 4.03
FORT RAN 77 using Lahey Fortran

Overlay lin~ing using PLINK66

* Hull plot and Speed Polar Plots
* done in sepalat-e programns* using HALO graphics language

C CSUBROUTINE LIST
*------------------------------------------------------------------------------------------

C DECK ACTEIN - active fins
SUBROUTINE ACTFIN (IV,ZERO,V.OMGE,OMGE2,TAF)

COMMON /APPEND/ xPKsLTXDKSTX(2) &.\ MC2 EFS2 BA()
2 BKWD(2).DXSTN(10.2).BKHB(IO,2),BKLNTH BKWDTH,
2BKWL(IO 2).BKAN(10,2),NSKSET,SKIMAG(2$,SKFLS(2),SKALS(2),
2SKAUS 2j.SKHB(2) SY.FLWL(2 *SKALWL(2) ,SKAUWfL(2),NRDSETRDIMAG(2)
RDRFS 2 *RDIRAS (2$ RDRHB(2 RDRFWL(2 ,RDRAWL(2) RDTFS 2 *RDTAS(25

21 RDTHB ~2 RDTFWL(25 RDTAWL(2),NSBSET,SIBIMAG(2),SOERFS 2 SOBRAS(25
2,SOBRHB(2$ ,SOBRFW(25 .SOBRAW(23,SIBRFS (2),SIBRAS(2),SIERHB(2),
2 SIBRPW(2) ,SIBRAW(2) .SqBTFS(2).SBTAS(2),SBTHB(2),SBTrFWL(2),I 2 SBTAUL (2) NFNSET.FNIMAG(2),FNRWS(2),FNRAS(2).
2 FNRHB(2) FNRFWL(2) FNRAWL(2) .FNTFS(2) ,FNTAS(2) .PNTBB(2).
2 FNTFWL(25,FrrAWL(25.NEXPRD.ENRDO(8B),ENRDS(B)

COMMON /FIUCON/ IACTFN,IFCLCS,FGAIN(8),FK(3).FA(k3).FB(3),I2 FCLCS(8,2)
COMMON /PHYSCO! II,TPI,PIPIOT,DEGRAD.RADDEG,VKMETh,NETRVK,GRAV,

2 RHIO.GNU,RHuucP-OS,HO,CNUS,GJIUF,FTMETR,PUNITS,REYSCL
COMPLEX IIU CHARACTER*4 PUNITS(2)
REAL TPI ,PI,PIOT,DECRAD,RADDEG,VXMETR,METRVK,GRAVIRHO,GNU,RHOS,

1 RBOF,CNUS,GNUF ,rTMETR

COMMON /RLDBKI PSUR(25),BMK(26),DK(2b),CAKC'5) HQ HSPAN,HMNCHD,
2 HAREA.HXCP,HY'CP HZCP,HGAMMAHYHAT HEAR HLCS R&2) RSPAN(2),
2 RMNCHD(2),RAREAý2),RXCP(2),RYCP(2S,RZCP(2),F1GAMMAý2),RYHAT(2).
2 REAR(2) .RLCS(2) .SQ(2LSSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),
2 SYC? (2) SZCP(2) SGAMMA(2).SYHAT(2)4SEAR(2) SLCS(25 BQ(2),
2BSPAN 2,KCDt2).BAREA(2),BXCP(2uBYCP(25,BZCP(25.BGAMMA(2),

2 BYHAT(2).BEAR(2),BLCS(2).FQC2) FSPAN(2) FNNCRO(2) FARLA '2),
2 FXCP(2LFYCP(2),FZCP(2).FGAMMAd2),FYHATt2)FEAR(25 FLCS 2),
2 P'Q(2 2) PSPAN(2,2),PMNCHDC' '2) PARFA(2,2) PXCP(2.2S PYCP(2'").
2 PZCPU 2) PGAMMA(2,2),PYHATý2,2),PEAR(2.2$ PLCS(2 2$.U2 STADMPUO$,SBPDMP(10,8),ENCON,WPHI,TPHI.WMELM(4,93 SPELM(4,9,8),
2 REELN(4 9 8),PEELM(4,9.5),FEELM(4,9 68),HEELN(4,9,8S BEELM(4, 9,8),
2 ENWM,ENSFtS,B),ENRE(8),EN'PE(6),ENFE(8) ,ENHEW8,ENBEUB),
2 ENEMV(8,8),ENL($),LHI9L(6),ESFL(S)LhL(jEZ()Z2C,3 2 ~ENSHP (88)EELM(4.,9).ITS(2B),RD(2&SEDDY(8,25).RGB(2b)
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REAL RDBLK(2692)

EQUIVALENCE (PSUR(l) 9RDBL.K(l))

CO)MPLEX TAF(3) ,FGC.CTERM,ZERD

DO 10 I=1,3I
10 CONTINUE

FGC =((FK( ) -OMGE2*FK(3))+II*OMCEýFK(2))/(((FA(l)-OMGE2*FA(3))+
2 II*OMGE*FA (2)) *((FB ( )-OMGE2*FB(3ý))+II*OMGE*FB(2)))

DOC3 FXCP(K) IT
DOP 30 FXPK)NNE
ARM = FMNCHD(K)/6
YHAT =FYHAT(K)
AP = PI*RHO*FSPAN(K)*(PMNCHD(K)/2)**2
TEMP = FLCS(K)I
IF (IFCLCS .EQ. 1) TEMP = FCLCS(IV,K)
FZ = (RHO/2)*FAREA(K)*TEMP
SINGAM =SIN(FGAMMA(K)*DEGRAD)
CTERM FGC*(ARM*AP*OMQE2-II*OMGE*(ARM*FZ-3*AP)*V+FZ*V*V)
MI =II
IF (FNIMAG(K) .EQ. 2) Ml =2

* SIN(180--GAMMA)=SIN(GAMMA) FOR FIN ON STBD SIDE
DO 20 M1,iM1
TAF~l + AP 1 - SINGAM*CTERM
TAF 2 TAP 2 + YHAT*CTERMI
TAP 3 TAF - SI NGAM*XCP*CTERM

20 CONTINUE
30 CONTINUE

RETURN

C DECK ADRES

2 OMEGA ,NMOT,NPLANE,NOMEGA ,RADDEG ,COSMU,RHO IPHS)I

COMPLEX MOTU(NMOT .NOMECA) ,MOTL(NMOTNOMEGA) ,HJV(NMOT,NOMEGA),
2 HJLkNMOT,NOMEGA),H7(NOMEGA) ,ARES,TEMPL

DIMENSION RAOI(NOMEGA) ,PHSI(NOMEGA) ,RAO2(NOMEGA) ,PRS2(NOMEGA),I

DO 30 I=NL.NU
nO 20 3=1 NPLANEI

TEMPL = MOTLCN.I)
IF (3 .EQ. 2) MOTL(N 1) =-MOTL(N,I)
ARES, = ARES + MOTV< ,I-)*HJV(N,I) + MOTL(N,I)*HJL(N.I)I
MOTL(N,I) =TEMPL

10 CONTINUE
TEMP - 0. 5*RHO*OMEGA(I)*COSMU*AIMAG(ARES)
IF (3 .EQ. 1 RAOI(I) = TEMP
IF (3 .EQ: 2 RA02(l) = TEMPI
IF (IPHS.EQ.1 .AND. J EQ.1B PHS1 (I)= 0.
IF (IPHS.EQ.1 .ADD. J.EQ.2) PHS2 I)= 0.

20 CONTINUE
30 CONTINUEI

RETURN
END

C DECK AINIUT3
SUBROUTINE AINPUT

COMMON /I0/ SYSFIL.POTFIL.COFFIL,LCOFIL,ICARD,TEXFIL.PIPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFILRAOFIL.RMSFIL,SEVFILSPDFIL,
2 SPTFIL ,LACFIL,LAEFIL3

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD ,TEXFIL ,IPRIN,

2 SPTFIL,LACFIL ,LAEFIL
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U COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSISLSOS,
2 LSDS.LHALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSP.PDS,LSHPTYPS,
2 LSHIPS,LTITLESU ~CHARACTER* 160 AS

CHARACTER*80 FISSI15,SOS,SDS,TITLES
CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDS,SHPTYPS
CHARACTER SHIPS*6,VARS*2,CYCLS*2
INTEGER*2 OPTION

CHARACTER*4 ALINE(20)

FIS =SIS(1:LSIS)//'.INP'
OPEN (UNIT=ICARD,FILE=FIS,STATUS= 'OLD')

L 0
10 L=Ls+ 1

IF (MOD(L,so) .EQ. 1) WRITE (IPRIN,1000) (1,1=1,8)
1000 FORMAT (iH1,42X,21HI N P U T C A R D S//SOX,6HCOLUJMN/8X,I 2 8(9X.I1)/BH CARD ,8(10H1234567890)I)

READ (ICARD,1010) ALINE
WRITE (IPRIN,1020) L,ALINE

1010 FORMAT (20A4)
1020 FORMAT (1X,14,3X,20A4)

IF (ALINE(1) .NE. 'STOP') GO TO 10

CLOSE (UNIT=ICARD)

RETURN
END

C DECK ALAG
FUNCTION ALAG(X)

*this function sets ALOG(I)0O when x0O

IF (X .LE. 1. E-08) GO TO 7
ALAG=ALOG (1)

GO TO 8

* END

C DECK ALGRNG
SUBROUTINE ALGRNG (NPWS,AREA)

*This subroutine computes the area under the curve for a particular
* spectrum. An odd number of points (frequvencies) should be used.

DIMENSION W(N),S(N)

MNcN-2
AREA=O.
TEMP = 0.
DO 20 N1 .MN 2

n=~+2)-W(M+1)

PAREA = A*A/6.*(S(M)e(3.*C-A)/(A*C).S(N+1)*A/(B*C)+

20 2 C=0M+i)*(hWCM) 0.(*B

AREA AREA + 'iMP
20 CONTINUE

IF (MOD(N,2) E 1) GO TO 30
DELW = ()-WN-
DELS =_ S()-

30 CONTINUE -
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AREA = ABS(AREA)3

RETURN
END

CDECK AMDI
SUBROUTINE AND (OMEGAE,TELEM,TV,TL)

"* UNPACKS ZERO-SPEED ADDED MASS AND DAMPING AND ADDS FORWARD SPEED
" TERMS

COMMON /CH3D/ ISIGMA,SIGNIN,SIGMAX,V,SINMU,CCSMU,WTSI,I
2 INN IN ,IMMAX, IMDEL ,LMIN ,LMAX
REAL SIGNIN.SIGMAX,V,SINMU,COSMUWTSI(4)
INTEGER ISIGMA,IMMIN,INNAX, IMDEL,LMIN ,LMAX

COMMON /ENVIORI VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM VFS
INTEGER NVK,NMU,NOMEGANSIGMA,NSIGWH,NTMOD,NRANG NNMU(8)
REAL VK(8) ,MU (37,8) ,OMEGA(3C') ,SIGMA(10) SIGWH(4) ITMODAL(S),

2 RANG(8),RLANG (8) ,S(30, 8),FRNUM(8),VFS(8S
COMMON /PHYSCO/ II ,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,

2 RHO,GNU,RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)I
REAL TPI,PI,PIOTDEGRAD,RADDEGVKMETR,METRVK,GRAVRHO,GNU,RHOS,

1 RHOF,GNUS,GNUF,FTMETR

COMMON /STATE/ LAT,VRT,LOADS,ADDRES ,SALT,HEAD ,EXROLL,BKEELU
LOGICAL LAT,VRT,LOADS,ADDRES,SALT ,HEAD ,EXROLL,BKEEL

COMPLEX TELEM(4.9,1O)
COMPLEX T3D(10),TV(3,3).TL(3,3)
DIMENSION LDX(6,6)

DATA (LXI3,=,)Ii6
+/ 1, 0, 0, 0, 0, 0,
+ 0, 5, 0, 8, 0, 9,
+ 0, -8, 0, 6, 0, 10,1
+ 0, 08, 2, 0, 4, 10,
+ 0, 0, -4, 0, 3, 0,
4- 0, -9, 0,-1O, 0, 7/

DO 20 L1l 10
T3D(L) = to.0,.O.)

20 CONTINUE
DO 40 L=LNIN,LMAX
DO 30 K=1,4
T3D(L) =T3D(L) +WTSI(K)*TELEM(K,ISIGMX,L)I

40 CONTINUE
40CNIF(NUEVT) G T
DF.OTV) 1O TO13
IDO 1 1=1,3
IDO 2*I-1,
.DO 2 J=1,

L=LDX(IDI JDX)
IFýL.Q.0ýTV (I,J)=(0.0,0.0)

IFL.GT.0ý TV 1,fl=T3D(L)
IFL.LT.OS TV 1I,3 S=TV(J,I)

2 CONTINUE
iCONTINUE
TV1~2,3 =TV 2,3+V*TV 2.2)/ II*OMEGAE
TV3,2 =TV 3,2 -'V*TV2 25/ II*OMEGAE
TV3,3)=TV 3,3)+V*V*TV(2,2)/ONEGAE**2
IFNOT.LAT) GO TO 6

3 CONTINUE
DO 4 1=1,3

DO 5 J=1,3
IDX=2*J
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3 L-LDX(IDXJDX)
IF(L.EQ.O5 TLI.1,3) (Oo 0o.o)
IF(L.GT.O) TLI.(,3) =TSD(,I.)

S CONTINUE
4 CONTINUEI TI. 1,3=Tl 3 -ViTI 1,1 ý/ýII*OMEGAE

TL 32 =T3 2 V*T ,2 /II*CMEGAE
TL(3,.3 =TLL3.3) +- V*V*TLý1,1)/OMEGAE**2

6 CONTINUE

RETURN

END

C DECK AMDPRN
SUBROUTINE AMDPRN (PROMG,NPROMG)

*nondimensionalizes and prints zero-speed added mass and damping

COMMON '/ENVIoR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGW}{,
1 NSIGWH.TMODAL,NTMOD,NRANG,RANGRLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NMU,NOMEGA,NSIGNA,NSIGWH,NTMODIJRANG,NNMu(S)
REAL VK(8),MU 37,8) OMEGA(30) SIGMA(iO) SIGWH(4),TMODAL(8),

2 RANG(S) ,RLANG a),s(30,B),FRNUM(s),vrs(sS

COMMON IGEOMI X,NSTATN,Y,Z,NOrSET,LPP,BEAMDRAFTLCF,
I VCG,GM,DELGM,NEBLA,KPITCII,KROLL,KYAW,KYAWRL,AWP,VCB,FBDX.FBDY,1 2 FBDZ,NFREHD,XPT,YPT,ZPT.NPTS,LCB,GML,ASTAT,BSTAT,TITLE,NASS,

CHARACTER*4 TITLE(20)
REAL X(26),Y(1O.2b),Z(IO,2SYFBDZV(B,.10).LPP.BEAH,DBLwL,TLCB,
2DRAFT,LCF ,VCG ,GM DELCM NEBLA ,KPITCH KROLL KYAW ,KYAWRL .AWP ,VCB,

2 FBDX(1O) FBDY(1OS.FBDZt1O),XPT(1O),4PT(1oS,ZPTýlo),LCB,Gz'L,
4 ASTAT(251 ,BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,
S IYAWRL ,CHEAVE,CPITCE,CEEAPI ,CROLL,AREAMX,WSURF,GIRTH(25)

COMMON /10/ SYSFIL,POTFIL,COFFIL ,LCOFIL,ICARD,TEXFIL ,IPRIN,
2 SCRFIL.BPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL ,LACPIL ,LAEFILIINTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IpRIN,
2 SCRFIL,EPLFIL,LRAFIL,ORCFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

COMMON /PHYSCO/ II ,TPI ,PI ,PIOTDECRAD ,RADDEG ,VKMETR,METRVK,GRAV,
2RHO.GNU,RHOS,RROF,GNUS,GNUF,FTMETR,PUNITS,REYSCL

CUARACTER*4 ¶-TJNITS(2)
REAL TPI,PX~t flT,DEGRAD,tADDEG,VKMETR,METRVK.GRAVRHO,GNU.RMUS,

1 RHOF,GNUS,GNUF,FrhETR

COMMON /STATE/ LAT.VRT,LOADS,ADDRES .SALT,HEAD,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADSADDRES,SALT,HEAD,EXROLL,BKEEL

COMMON/TELEMi/TELEMI COMPLEX TELEM(4,9,10)

DIMENSION LPWR(iO) ,LDX(1o)
DIMENSION A(10),B(iO,30)
COMPLEX T,CDUM

DIMENSION PROMG(30)

DATA LPWR /O,0,2,1,0,2,2.1,1.2/
DATA LDX /1,3,6,9,2,4,6,7,8,10/

SRGDL=SQRT(GRAV/LFP)

IF( .NOT.VRT) LMIN=&3 LMAX=10
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IF( .NOT.LAT) LMAX=4I
DO I I=1,1O
A(I>=O.
DO 2 W1I,NPROMG
B(I , )=O.

2 CONTINUE I
ICONTINUE
WRITE (IPRIN,601) TITLE
WRITE (IPRIN,602)
DO 3 IOMEGA=1,NPR0MG3!
DO 4 L=LMIN,LMAX
LL=LDX(L)
ASC ALE =RHO *N EELA*LPP** LP WR(L)
B SC ALE= ASCALE *S RODL
CALL CPLVAL (SIGMA,NSIGHA,TELEM(1,1,L),PROMG(IOMEGA) ,T,

I CDUM IDIJM) I
A(ýLLI=REAL(T)/(-PROMG(lOMEGA)**2)/ASCALE
B(LL ,IOMEGA)=AIMAG(T)/PRDMG(ICMEGA)/BSCALE

4 CONTINUE
OMGND=PROMG(IOMEGA) /SRGDL
WRITE (IPRIN,604) OMGND,(A(L),L=1.10)I

3 CONTINUE
WRITE (IPRIN,603)
DO 5 IOMEGA=1,NPROMG
OMGND=PROMG(IOMEGA) /SRGDL
WRITE (IPRIN,604) OMGND,(B(L,IOMEGA),L=1,1O)I

5 CONTINUE
WRITE (IPRIN,605)

601 FORMAT (1E1,23X,2oA4//421,
2 46HZERO-SPEED ADDED-MASS AND DAMPING COEFFICIENTS/IM

602 FORMAT (' NON-DIMENSIONAL ADDED-MASS'//
I ' SIGMA',3X,'A(1,1)',6X,'A(2,2)',6X,'A(3,3)',6X,'A(4,4)',6X,
1 'A(S,5) ',6X:'A(6,6)',:6X:,'A(2:4)',:6X:'A(2,6)',:6X,'A(3,S)',eX,
1 'A (4,6)1/)

603 FORMAT (/ NON-DIMENSIONAL DAMPING'//
1 IGMA'.3X.'Bý1:1;':6X,'BIý2,2? ',6X'B3 BK 4,4',61,
: BS (,)'6X,'B 6,6 '6X,'B 2 4 '6X 'S2,6);' 6X' B(3: )'6X,

2 ' B(4,6)1/) '

604 FORMAT (1X,F6.3,1P10E12.4)
605 FORMAT (///' (SIGMA IS HON-DIMENSIONAL FREQUENCY)')

RETURN
END

CDECK ATAN2DI
FUNCTION ATAI2D (B,A,RADDEG)

* aretangent function in degrees for any quadrant

DATA EPS /11E-10/I

IF (B .EQ. 0.) ATAN2D =0.
IF (B .GT. 0. ATAN2D = 90.
IF (B .LT. 0.) ATAN2D =-90.

IF (AES(A) .GT. EPS) ATAN2D = ATAN2(B,A)*RADDEG
RETURN
END3

C DECK ATANS
FUNCTION ATAN3(X,Y)

*this function is to take care of the case of ATAN2(O,0)

AX=ABS (I)I
AY=ABS CT)
IFCAX -LE.I.E-08 .AND.AY .LE. 1. E-08) GO TO 5
ATAN3=ATAN2CX,Y)
GO TO 10I

10 RETURN
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END

C DECK BILGEK
SUBROUTINE BILGEK (IBLGK)

calculates bilge keel damping using method of KATO
* W. R. MCCREIGHT DTNSRDC

COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIMAQ(2) ,BKFS(2),BKAS(2),
2 BKWD (2),BKSTN(1O,2),BKHB(1O,2),BKLNTH BKWDTH,I2 BKWL(1O 2) 'BKkAN(10.2),NSKSET,SKIMAC(25,SKFLS(2),SKALS(2),
2 SKAUS(25,SKHB( 2) SKFLWL(2) ,SKALWL(2) ,SKAUWL(2) .NRDSET.RDIMAG02)

2 UDRS (2 ,RDRAS(25 RDRHB (2) RDRFWL(2).,RDRAWL(2) RDTFS (2 ,RDTAS(25
2 RDTHB (2) RDTFWL(25 RDTAWL(2) NSBSET,SBIMAG(2),SOBRFS 2),SOERAS(2$
2,SOBRUB 2),SOBRFW 2 *SDBRAW(25,SIBRFS(2),SIBR.AS(2),SIBRHB(2),
2SIBRFW(2),SIBRAW 2 ,SBTFS(2) ,SBTAS(2),SBTrHB(2),SBTFWL(2),

2 SBTAWL(2) ,NFNSET,FNIMAG(2) ,FNRFS(2) ,PNRAS(2),
2 FNRHB(2) FNRFWL(2) FNRAWL(2),FNTFS(2),FNTAS(2),FNTHB(2),
2 FNTFWL(23 ,FNTAWL(25 ,NEIPRD,ENRDO(8),ENRDS(8)I COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
2 IMMIN,IMMAX,IMDEL,LMIN,LMAX
REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)
INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAXI COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NDMEGA,SIGMA,NSICMASIGWH,

1 NSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VFS
INTEGER NVKPNMU,NOMEGA,NSIGMA,NSIGWHNTMODNRANGNNMU(8)
REAL VK(8) ,MU (37,8) ,DMEGA(30) ,SIGMA(iO) SIGWH(4) PTMODAL(8),I 2 RANG(8),RLANG (8) .S(30,B).FRNUM(8),VFs(85
COMMON /CEOM/ X.NSTATN.Y,Z,NOPSET,LPP,BEAM,DRAFT,LCF,

I. VCC,GM,DELGM,NEBLA.KPITCH,KROLL,KYAW,KYAWRL,AWPVCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS.LCBGML,ASTAT.BsTAT,TITLEMASS,

2 AREAMX,WSURF,GIRTH,FBDZV~ DBLWL,TLCB

REAL X(28),Y(1o,25),z(1o,25),FBDzv(8,lo),LpP,BEAM,DBLWIL,TLCB,
2 DRAFT,LCF ,VCG,GM DELGM NEBLA ,KPITCHKROLL KYAW ,KYAWRL ,AWP ,VCB,
2 FBDX(1O) FBDY(1OSFBDZ(1O),XPT(1O¾,YPT(1OS,ZPT(,1O).LCB,GML,
4 ASTAT(255 ,BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,
B IYAWRL,CHEAVE,CPITCH,CHEAPI ,CRDLL,AREAMX,WSURF ,GIRTH(2&)

COMMON /PHYSCO/ II ,TPI ,PI ,PIOT,DEGRAD,RADDEG ,VKNETR,METRVK,GRAV,: RHO,GNU,RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
REAL TPI,PI,PIOT,DEGRLAD,RLADDEG,VKMETR,METRVK,GRAV,RHO,CNU,RHOS,

IREOF,GNUS ,GNUF ,FTMETR

COMMON /RDGEO/ BELEN .WBKMAX,DLDKEL(25B),.SRBS(26) ,PHIS(25) ,CPS(25),32 BKT(25) ,RKS(28) ,SSTR(28)

COMMON /RLDBK/ PSUR(25),BMK(26),DK(25),CAK(26) HQ,HSPAN,HMNCHD,
2 HAREA,HXCP.BYCP HZCPHGAMMA HYHAT HEAR HLCS,RQ(2) .RSPAN(2).
2 RMNCHD(2) ,RAREAý2) ,RXCPC2) ,RYCP(25 ,RZCP(2) ,RGAMMA(2) ,RYHAT(2),
2 REAR(2) ,RLCS (2),SQ(2)bSSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),
2SYCP(2) SZCP(2) ,SGAMMA (2) .SYI{AT(2) SEAR(2) SLCS(25 BQ(2),
E SPAN (25 ,HNCHD(2),BAREA(2) BXCP(25,BYCP(25,BZCP(25,BGAMMA(2),

2 BYHAT(2) ,EEAR(2),BLCS(2),.FQC2),FSPAN(2) FMNCHD(2) FAREA (2),
2 FXCPC2),FYCP(2),FZCP(2),FGAMMA(2),FYHATt2),FEAR(25.FLCS(2)
2 PQ(2 2) PSPAN(2,2),PNNCHD(2 2) PAREA(2,2) PXCP(2,2) PYCP(2 2),£2 PZCNt2 i) PGAMMA(2,2),PYHATt2,2),PEAkR(,2ý,2 PLCSC2 25,
2 STADMP&iOS,SHPDMP(10,8),RNCON,WPHI.TPHIWMELM(A 95 SF'ELM(4.9,8)
2 REELM(4 9 8) PEELM(4,9,8),FEELM(4,9 B),EELM(4.9YF5 BEELM(4,9,85i,
2 ENWM,ENSItB,8),ENRLE(8),ENPE(8),ENFEt8) ,ENHE(8),ENBFt8).
2 ENEMV(8,8) ,ENRL(8),ENPL(BL ENFL(8) ENHL(8),EN3L(8),ENb-(B).I2 ENSHP (8,8) RELM(4,9) ,ITS(259),ED(2&S,EDDY(8,215).RGB(25)

REAL RDBEt2692)
EQUIVALENCE (PSUR( 1) ,IKDHLK(I))
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REAL KAPrA ,KG, LAMBDA, LBKEEL3
CHARACTER*4 METER

EXTERNAL EXP

DATA METER /'METE'/

LBK EEL rBKLEN
NSM =NSTATN - 1
DO 40 K=2,NSM
IF (NOFSET(K) .LT. 2) GO TO 40I
IF (DLBKEL(K) .EQ. 0.) GO TO 40
NNODES =NOFSET(K)
R=RD(K)
BLOCAL = 2*BMK(K)
TLOCAL = ABS(BKT(K))I
KG = VCG + TLOCAL
BEKEEL =BKWD(IBLGK)
PHI=PHIS(K)
CDSPHI=CPS(K)
RK=RKS(K)I
SS = SSTR(K
SRE=SRBS (K)
RF=SRB*Y (NNODES ,K)
EPS=ATAN(SRB)
C0=1000.*(1 .44+3.8*PHI**3)I
KAPPA = R'(1.0 + RF/BLOCAL)**2 /SQRT(BLOCAL*KG/2.)
XI=BBKEEL/(RK*PHI**0 .75)
AN=1 .40+2. 03*EXP(-2 . *XI)
ALPHA=2.0-Ar
CK=1 .0+3.5*EXP(-9.0*KAPPA)U
SGM=2. 0*BBKEEL/LBKEEL
CN=i .98*EXP(-5.5*SGM)
Q = (0.5*BLOCAL*TAN(PI/4. - EPSI2.) + EF - KG) * SIN(PI/4. +

2 EPS/2.)

P1 =0.B8*(KG - TLOCAL - 0,54*(BLOCAL/2. -(TLOCAL - RF)*TAN(
2 PI/4. + EPS/2.)))

LAMBDA =R/(TLOCAL - RF*(BLOCAL - 2.*R)/BLOCAL)

FLAMB=1 .34*SIN(PI*LAMBDA/3.6)/

ECIRC = COSPHI + SS*(Q+Po-(PO-P1)*FLAMB)/(2.*BBKEEL*RK)
DAKEEL=2 .0*DLBKEL (K) *BBKEEL
CON = 4.0*RHO/(3.0*PI)*CK*CN*ECIRC*DAKEEL*RX4'*3
DO 20 IS=i,NSINGAU
DO 30 IA~1,NRANGA
PERE = TPI/SIGMA(IS)
F = RI{*RANG(IA)*PHI**1.7/(PERE*SQRT(BBKEEL))

* F must be in meters
IF (PUNITS(1) .NE. METER) F =F*SQRT(FTMETR)
CS = CO*F**(-AL:PBA)/(2.68*1O.0)0.O
CA = 1.
RN = (8.*BBKEEL*RK*RANG(IA) / (PERE*GNU)) * REYSCLI
IF (RN .GE. 1000.) GO TO 17
ALlORN = ALOG(RN)/ALOG(1O.)
CA = 1.95 - 0.25*ALXORN + 0.20*SIN(PI*(AL1ORN-2.19)/O.54)

17 CONTINUEI
STADMP (IS) CON*CS*CA*SIGMA(IS)*RANG(IA)
STADMP (IS) = SIGNA(IS)*STADMP(IS)
SHPDMP (IS,IA) = SHPDNP(IS,IA) + STADMP(IS)

20 CONTINUE
30 CONTINUE 1
40 CONTINUE

RETURN
END

C DECK SKEDDY
SubUbuu±±m DIEDDY
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COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKTMAG(2) ,BKFS(2),BKAS(2),

2 BKWD (2) ,BISTN(l0,2) EKHB(10,2) ,BKLNTH BKWDTH.
2 BKWL( 10 2),BKAN(10.2),NSKSET,SKIMAG(25,SKFLS(2),SKALS(2),
2 SKAUS(25 ,SKHB(2) SKFLWLf2) SKALýWL(2) ,SKAUWL(2) ,NRDSET,RDiMAG(2),
2 RDRFS(2) ,RDRAS(2$ RDRHB?2) ,RDRFWL(2, RDRAWL(2) ,RDTFS(2),RDTAS(2),I 2 RDTHB(2) RDTFWL(25 RDTAWL(2) NSBSET,SBIMAG(2),SOBRFS(2) ,SOBRAS(2)
2,SOBRHB(25,SOBRFW (25,SOBRAW(25,SIBRFS(2) SIBRAS(2),SIBRHB(2),
2 S!BRFW(2),SIBRAW(2) .SBTFS(2),SHTAS(2),SBTHB(2),SBiFWL(2),
2 SBTAWL(2) ,NF~NSET FNIMAG(2) ~FNRFS(2) ,FNRAS(2),
2 FNRHB(2) F&RFWL(2) FNRAWL(2) ,FNTFS(2) .FNTAS(-) ,FNTHB(2),U2 FNTFWL(25PFNTAWL(25,NEXPRD,ENRDO(8),ENRDS(8)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU.WTSI,
2 IMMIN ,IMMAX ,IMDEL ,LMIN ,LMAX

REAL SIGMIN,SIGMAX,V.SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN ,IMMAX, IMDEL,LMIN ,LMAX
COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,

1 NSIGWH,TMODAL,NTMOD,NRANG.RANGRLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NMU.NOMEGA,NSIGMA,NSIGWH NTMOD,NRANG,NNMU(8)
REAL VK(8),MU 37 8) OMEGA(30) SIGMA(iO) SIGWH(4),TMODAL(B),

2 RANG(8).RLANG 8),S(30,8),FRNUM(8),VFS(85

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,EEAM,DRAFT.LCF,
I VCG,GM,DELGM,NEBLA,KPITCII,IROLL,KYAW,1{YAWRL,AWP,VCB,FBDX,FBDY,I2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,.BSTAT,TITLE,MASS,
2 DISPLM.IPITCHIRULL,IYAW,IYAWRL,CHEAVE,CPITCH{,CRiEAPI,CROLL,
2 AREAMX,WSURF,GIRT1I,FBD)ZV DBLWL TLCB

INTEGER NSTATN,NOFSET(2&$ .NFREiD,NPTSI CHARACTER*4 TITLE(20)
REAL X(26),Y(10,26).Z(10,25),FBDZV(8,10),LPPBEAM,DBLWLTLCI3,

2 DRAFT,LCF,VCGGM DELGM,NEBLA,KPITCH KROLL RYAW,KYAWRL,AWP,VCB,
2 FBDX(I0) FBDYZIOJ FBDZ(1O),XPT(I0),YPT(105,ZPT(i0),LCB.GML,
4 ASTAT(285,BSTAT(25) ,MAýSSDISPLM,IPITCH,IROLL,IYAW,
5 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURP1 GIRTH(25)

COMMON /RLDBK/ PSUR(25),BMK(25) ,TK(2b),CAK(25) RQHSPAN,HMNCHiD,
2 HAREA,HXCP,HYCP,HZCP,HGAMMA HYHAT HEAR HLCS,RQ12),RSPAN(2),
2 RMNCHD(2) ,RAREA(2) RXCP(2) ,RYCP(25 RZCP(2) ,RGAMMA(2) ,RYHAT(2),
2REAR 2).RLCS(2),SQt2),SSPAN(2),SMNCID(2),SAREA(2) SXCP(2),
2SYCP(2) SZCP(2) SGAMMA(2),SYHAT(2) SEAR(2) SLCS(25 BQ(2),

2 BSPAN (25 ,BMNCHD52),BAREA(2) BXCP(25,BYCP(25,BZCP(25,BGAMMA(2),
2 BYHAT(2) ,EEAR(2),BLCS(2),FQ(2),FSPAN(2),FMNCHD(2) FAREA(2),
2 FXCP(2) ,FYCP(2),FZCP(2),FGAMMA(2) PYHAT(2),FEAR(25 FLCS(2),

PQ(2 2) ,PSPAN (2,2),PMNCHD(2 2) PAREA(2 2) PXCP(2,25 PYCP(2'2),
2 PZCPZ2 2) PGAMHA(2,2),PYHAT(2,2),PEAR(i2,2 PLCS(2 25,
2 STADMP(10$,SHPDMP(10,8) ,ENCON,WPHI,7rPHIWMELM(4,9i SFE-LM(4,9 8)
2 REELM(4 9 8),PEELM(4,9,8) FEEI.M(4.9,FJ) ,HEELM(4,9,85,BEELM(4,9,85,
2 ENWMENSFt8,B),ENRE,(8),ENPE(8),ENFE(8) ,ENHE(8)SENBE(8),I2 ENEMV 8,8'),ENRL ý8),ENPL(8).ENFL 8) ENHL(8) ENSL(8) ENBL(8),
2 ENSHP 88 EM4,9), ITS(26),RD 2655,EDDY(8,25) ,RGBý25)

REAL RDBLK(2692)
EQUIVALENCE (PSUR(1) ,RDBLK(l))U DO 20 IA=1,NRANG
ENBECIA) =0
DO 10 IS=1,NSIGMA
SHpDMP(IS.IA) = 0

10 CONTINUE
20 CONTINUE

IF (NBKSET .EQ. 0) GO TO 100
DO 30 I=1,NBKSET
CALL CALRaGM II ~CALL BILGEK I)

30 CONTINUE
DO 40 IA=1,NRANG
CALL SPFIT (SIGMA,SHPDMP(l.IA),BEELM(1 1 IA) ,NSIGMA)
ENBE(lA) =ENCON*REVAL(BEELM(1,ISIGMA,iA$,WTSI)

40 CONTINUE
100 CONTINUE

3 RETURN
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END3
C DECK BKLIFT

SUBROUTINE BKLIFT

COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIMAG(2),BKFS(2),BKAS(2),I
2 BKWD(2),BKSTN(10,2),BKHB(1O,2),BKLNTH BKWDTH,
2 BKWL(1O,2),BKAN(1O,2),NSKSET,SKIMAC(25,SKFLS(2),SKALS(2),
2SKAUSý2ý ,SKHB(2),SKFLWL.(2) ISKALW%ý2} SKAUWVý2),NRDSET,RDIMAC(2),
2RDRES 2 ,RDRAS(2) RDRHE(2),RDRFWL(2),RDRAWL 2 ,RDTFS(2),RDTAS($
2RDTHB(2S,RDTFWL(25 RDTAWL(2) NSBSETSBIMAG(2),SOBRFS(2),SOBRASý(25
2,SOBRIB (2) ,SOB)RFW(2 3,SOBRAW(23.SIDRFS(2¾,SIBRAS(2-),SIBRHB(2),
2 SIBRFW(2) ,SIBRAW(2),SBTFS(2),SBTAS(2) SBTHB(2),SETFWL(2),
2 SBTAWL(2), NFNSET,rNIMAC(2),FNRFS(2),FNRAS(2.).
2 FNRHB(2) FNRFWL2\ FNRAWL(2) ,FNTFS(2) ,FNTAS(2) ,FNTHB(2),

2 FNTFWL(25 ,FNTAWL(25 ,NEXPRD,ENRDO(8),ENRDS(B)
COMMON /ENVIOR/ VK,NVK,MUNMU,OMEGA,NOMEOA,SICMA,NSIGMA,SIGWH,

1 NSIGWH,TMODAL,NTMOD,NRANG,RANC,RLANC,S,NNMU,FRNUM,VFS
INTEGER NVK,NNU,NOMEGANSIGMA,NSIGWH,NTMOD,NRANG,NNNU(8)
REAL VK(8).MU 37,5),OMEGA(30),SIGMA(1O) SIGWHi(4),TMODAL(B),I

2 RANG(BLRLANG 8) ,S(30, 8),FRNUM(B),VFS(85

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GN,DELGM,NEBLA.KPITCH,KROLLKYAW,KYAWRL,AWP,VCB,FBDX.FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT.NPTS,LCB,GML.ASTAT,BSTAT,TITLE,MASS.I
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVECPITCH,CHEAPI,CROLL,
2 AREAMX,WSURF,GIRTH,FEDZV DBLWL TLCB

INTEGEa HSTATH ,NOFSET (255 ,NFREBD,NPTS
REAL X(25),Y(10,25),Z (1O,25),FBDZV(8,10).LPP,BEAM,DBLWL,TLCE,I

2 DRAFTLCFVCG GM DELGM,NEBLA,KPITCHKROL'. KYAWKYAWRL,AWP,VCB,
2 FBDX(1O) FBDYUOLýFBDZ(10),XPT(1O),YPTQO05,ZPT(1O),LCB,GML,
4 ASTAT(263.BSTAT(25),TITLE(20),MASS,DISPLM,IFITCH.IROLL,IYAWP
6 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMI.WSURFGIRTH(25)

COMMON /PHYSCO/ II,TPI,PI.PIOT,DEGRAD,RADDEG,VKMETRMETRVK,GRAV,I
2 RHO,GNU,RHOS ,RHOF,GNUS ,GNUF,rTME,-TRPUN-.ITS,REYSCL
COMPLEX II
CIIARACTER*4 PUNITS(2)
REAL TPI,PI,PIOTDEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,R.HOS,U

COMMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25),HQ,HSPAN.HMNCHD,
2 HAREA,HXCP,HYCP RZCP,HGAMMAHYHAT HEAR 1{LCS,RQ(2) ,RSPAN(2)
2 RMNCHD(2),RAREA(2).RXCPC2),RYCP(23 .RZCP(2),RGAMMA(2),RYHATC2),
2 REAR(2),RLCS(2),SQ(2),SSPAN(2),SNNCHD(2),SAREA(2) SXCP(2),
2 SYCP(2) SZCP(2),SGAMMA(2),SYHAT(2) SEAR(2)SLCS(25 BQ(2)
2 BSPAN(2S ,BMNCHD(2),BAREA(2) BXCP(25,BYCP(25,BZCP(25.BGAMMA(2),
2 BYHAT(2)',BEAR(2),DLCS(!2),FQt2¾,FSPAN(2),FMNCHD(2) FAREA(2)
2FXCPC2 ,F'YCP(2),FZCP(2),FGAMMA(2LFYHAT(2),FEAR(25 FLCS(2) I

2 PQ(2,2),PSPAN(2,2),PMNCHD(2,2),PAREA(2,2) PXCP(2 23 PYCP(2 2),
2 PZCP(2 2) PGAMMA(2,2),PYHAT(2,2),PEAR(2,25,PLCSi(2 25
2 STADMHt1OI,SHPDMP(10,8)-,ENCON,WP-HI.TPHI,WMELM(4,9-QiS ELM(4 9,S).
2 REELM(4,9,8),PEELM(49,.8)',FEELM(4,9,B),HEELM(4:ý,95,BBEELM('43 9,85,
2 ENWN,ENSF(8,8) ,ENRE(8) ,ENPE(8) .ENFE(8) ,ENHE(8) ,ENBE(8).
2 ENEMV (8,8) ,ENRL(8),ENPL(8),ENFL(8) ENHL(8),ENSL(8) ENBL(8),
2 ENSHP (8,8)bRELM(4,9) .ITS(25) ,RD (265, EDDY(8,25) ,RGMt2S)
REAL RDBLK(2692)
EQUIVALENCE (PSURCI) ,RDBL.K(i))

REAL LCS,MCEORD

IF (NERSET .EQ. 0) GO TO 30
EN = 0I
STASPC =LPP/20
DO 20 K~1,NBKSET
NBKS =NBKSTN(K)
XBKF = LCD - BKFS K *STASPC
KBKA =LCB - BKAS K *STASPCI
X =NBKS/2
IF (M .EQ. 0) M = I
YBK = DKHB(M,K)
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ZBKF =BKWL(1,K) - (DHLWL+VCG)
ZEKA BKWL ( NKS,K) - (DBLWL+VCG)
Q2=
SUM 0
DO 10 W1I,NBKS
SUM =SUM + BKAN(I,X)

10 CONTINUE
GAMMA - SUM/NBKS
SPAN BKWD(K)
MCHORD =XBKF - XBRA

* area

AREA =SPAN*MCHORD

* center of pressure

XCP mXBKF - 0.5*MCHORD
YCP =YBK + 0.S*SPAN
ZCP =(ZBKF +ZBKA)/2

* moment arm

GAM = GAMMA*DEGRAD
YHAT = YCP*COS(GAM) + ZCP*SIN(GAM)

* effective aspect ratio

EAR = 2*SPAN/MCHORD

* lift curve slope

LCS =(PI/2)*EAR
BQ(K) = Q
BSPAN(K). SPAN
BMNCUD(K) = NCHIIOD
DAREA (K = AREA
BXCP(K) = XCP
EYCP (K = YCP
BZCP (K)= ZCP
BGAMMA(K) GAMMA
BYHAT(K) YHAT
EEAR(K) = EAR
ELýCS(K) = LCS
EN =EN + Q*(RHO/2)*AREA*LCS*YHAT*YHAT*WPHI*ENCON

20 CONTINUE
30 CONTINUE

DO 40 IV=1,NVK
ENBL(IV) =0
IF (NBKSET .GT. 0) ENBL(IV) =EN*VFS(IV)

40 CONTINUE

RETURN
END

C DECK BMAX
FUNCTION BMAX(N.X)

DIMENSION X(30)
A=X(i)
IF(N.LE.1) GO TO 2
DO I I=2.3
IF(X(I).GT.A) ArnICI)

ICONTINUE
2 CONTINUE

BNAX=A

RETURN
END

C DECK ERWVSP
SUBROUTINE BRWVSP (NOK,SIGWH,TO-.W,S)
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* this routine calculates a BRETSCHNEIDER 2-parameter wave spectrum
* (significant wave hei ht, modal wave period)

a DIMENSION W(NOK) ,S(NOK) NSC,0273

EXTERNAL EXP

DATA A,B /487.0626,1948.2444/
T04 U O*

fobr Pierson-Moskowitz wave spectrum
* T04 = S8.0936*S10W11ee23

CONI =A*SIGWH**2/T04
CON2 m B/T04
DO 10 I=1,NOK

W4= W(I)**4
WS= W(I)*W4I

ARG = C0N2/W4
IF (ARG.GT.S0.) S(I)=0.
IF (ARG.GT.5O.) GO TO 10
S(I) =CON1/W5'EXP(-ARG)

10 CONTINUEU
RETURN
END

C DECK CALRGM3
SUBROUTINE CALRGM (IBLOK)

COMMON /APPEND/ NBKSET,NBKSTNC2),BKIMAC(2),BKFS(24),BKAS(2-),
ER BWO (2),BKSTN(10,2),EKHB(10,2),BKLNTH EKUOTHU

2 BXWL(10.2).BXAN(10.2),NSKSET,SKIMAG(2L5SKFLSZ.2),SKALS(2),
2,SKAtJS(2) .33H(118() SKFLWL(2),SKALWL(2),SKAUWL(2),NRDSET.ý,RDI)MAG(2).

2 RDRF%ý2pRDRAS(25 RDRHB(2),RDRFWL(*2),RDRAWL(2),RDTFSý2),RDTAS(")
2 RDTHB 2 RDTFWL(25,RDTAWL(2) NSBSET,SBIMAG(2).SOBRS 2),SOBRAS(25
2,SOBRHB2ý ,SDBRFW(2),sOBRAW(2i SIBRFS(2),SIBRAS(2),SIBRHB(2),

SIBRFW 2 ,SI BRAW(2) ,SBTFS(2) SBTAS(2),SBTHB(2LSBTFWL(2).
2SETAUL 2 *NFNSET,FNIMAG(2),FNRFS(2),FNRAS(2),
2 FNRHB(2) PNRFWL(2) FNRAWL(2).FNTFS(2) ,PNTAS(2-),FNTHB(2),
2 FNTFWL(25.FNTAWL(2SPNEXPRD,ENRDO(8)PENRDS(B)

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPRRAOPR,RLDMPR,DISPLMT,U
2 LRAOPRPADRPR,ORGOPTN,GMNOM,KG,STATN(25) ,NSOFST(25),
2 NLEWF(25) HLFBTH(1O,25),WTLNE(1O,25),BLEWF(25),TLEWF(25),
2 AREALF (255 NPTLOCPTNUMB(10) ,PTNAME,XPTLOC(10) .YPTLOC (10),
2 ZPTLOC(I0),NBB,FBNUMB(10),PBNAME.XPTFBD(1O),YPTFBD(lo),I
2 ZPTFBD(10),FBCODE(1O),FBTyPE,RLDOT(1O) ,VKDES,FNDES.
2 STATNM,STATIS
CHARACTER*4 PTNAME(8,1O),FBNAME(8,lo) ,STATNM(5) .FBixrtja,iu)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,

2FENUME *PTNUMB, ORGOPTI

COMMON /PHYSCOI II ,TPI ,PI ,PIOT,DEGRAD ,RADDEG ,VKMETR,MEIrRVK ,GRAV,
2 RHD,GNU.RHOS.RHOF,GNUS,GNUF,FTMETR,PUNITSI.REYSCL

COMPLEX II
REAL TPI ,PI,PIOT,DEGRAD,RArV3EGJVKMETR.METRVK,GRAV.RHO,GNURHOS,

I RHOFGNUS,GNUF,FTMETR

COMMON /GEOM/ X,NSTATN.Y,Z,NOFSET,LPP.BEAM.DRAFT,LCF,3
1 VCG,GM,DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRL,AWP,VCBFBDX.FBDY.
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAURL.CHEAVEICPITCH,CHEAPI,CROLL,
2 AREAMI ,WSURF ,GIRTH .FBDZV,DBLWL,TLCB

INTEGER NSTATN .NOFSET(25) ,NFREBD,NPTS
CHAYACTV-R*t TTTLFC'2O)
REAL X(2S),Y(10,2&),Z(1O.2S),FBD2V(8,1O).LPP,BEAM,DBLWL.TlLC;b,

2 DRAFT,LCF,VCG,GM,DELGM,NEBLA,KPITCH,KROLLPKXYAW,KYAWRL.AUP,VCB,3
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I2 VBDX(1O) FBDY(10),FBDZ(lO),XFT(1O) ,YFT(1O),ZETUlO),LGB,GML,
4 ASTAT(2E1,PSTAT(25ý).MASS,DISFLM,I-P1TCHIRULL.IYAW,
S IYAWRL,CHEAVE,CPITCIIDCHEAPI,CROI.L.AREAMX,WSURF,GIýRTH(25r)

COMMON /RDGEO/ BKLEN,WBKMAXJDLI3KEL(25) ,SRJ3S(25) ,PHIS(2SL)CPS(25).I2 BKT(25),RKS(25),SSTR(25)

REAL LEKEEL
LbKEEL=O.
NHKS =NBKSTN(IHLGK)I STASPC =LPP/20
MN NSTArN
NSN NSTATN 1
DO 1 K=2,NSM

IF (NOFSET(K) .LT. 2) GO TO 1
DELTAL=O.
SRB=O.
PHI=0.
COSPHI1.1

DETAF (STATN( N) GT BKrS(IBLGK) )*.STASPC L.BKSIBG)

IF (STATN(MA).L.BAILG)U DELTAL2 DELTAL * SAN(.) - STATN(M))*STASPC /
IF (STATN(M-1) .GE. EKFS (IBLOK))

2DELTAL = DELTAL 4 (STATH (N4) - STATN(N-iD*STASPC/2

N NODES N OFSETk(K)
DO 10 L=1,NBKSI ~IF (STATN(M) .ME. BKSTN(L,IBLGK)) GO TO 10
EQ SQRT(BKIIBL,IDLCK'1tt2 + (EKWL(L,IBLGK) - (DBLWL+VCG))**2)
ARG = KAN(LIBLGK)*DEGRAD
YEKC = BKHB(L,IBLGK) + O.S*BKWD(IBLGK)*COS(ARG)
ZBKC = (BKWL(L,IBLGK) - DBLWL) - 0.S*BKWD(IHLGK)*SIN(ARG)I~R = SQRT(YBKC'.*2 +(ZBKC-VCG )**2)
PI = ASIN(-V-2G/RO)
P2 rATAN2(VCG + DBLML. - BKUL(L,IBLGK),SKHB(L,IDLGK))
PHI = Pi + P2
COSPHI = COS(ARG - P2)

NNN:NNODES-1

3 ~IF (BKHH(LIHLGK) .GE. Y(iS-iK)) GO TO 4
SsS+SPRT((Y(JS,KO-Y(JS-l,K))*.12+(Z(3S,K)-Z(JS-l ,K))4*2)

3 CONTINUE
L ONTINUE
S = S + SQRT((Y(JS K) - BKHB(L,IHLGK))**2 + (Z(3SK)-I2 (BKUL(L,IBLGK) - DBLWL))**2)

find minimum slope for deadrise calculation in "BILGEX"

M(2 =3J - 1

SRB = (Z(M2,K) - Z(LSK)) / (Y(M2.K) - Y(LSK))

3-J

351 3 j
SLOPE = (Z(J,K) - Z(3SI,X)) / (YOLK) - Y(JSI,K))
IF (SLOPE .EQ. 0.) GO TO 140
IF (SLOPE .GT. SRe) GO TO 140ILS L531
SRB = SLOPE

130 CONTINUE

* extrapolate slope to centerline to get local draft
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* (excluding skeg offsets) 3
140 BKT(K) = Z(LS,K) - SRB*Y(LS,E)

IF (BXT(K) LT. Z(1,K)) BKT(K) = 7,E)
LBKEEL=LBKEEL+DELTAL

10 CONTINUE
6 CONTINUE

DLBKEL(K)=DELTAL
SRBS(K)=SRB
PHIS(K)=PHI
CPS(K)=COSPHIRKS(K)=RK
SSTR(K)=S

I CONTINUE
BKLEN=LBKEEL

RETURNEND

C DECK CDCOMP
SUBROUTINE CDCOMP ( N, NDIM, A, UL, IP ) U

COMPLEX MATRIX TRIANGULARIZATION BY GAUSSIAN ELIMINATION.

INPUT...
* N = ORDER OF MATRIX.
"* NDIM = DECLARED DIMENSION OF ARRAY A"* A = COMPLEX MATRIX TO BE TRIANGULARIZED.

"* OUTPUT...
* UL �1, J, I .LE. J m UPPER TRIANGULAR FACTOR, U
" UL IJ , I .GT. J 3 MULTIPLIERS LOWER TRIANGULAR
* FACTOR, I - L
"* IP (30, K .LT. N c INDEX OF K-TH PIVOT ROW.
* IP N5 (-1)**(NUMBER OF INTERCHANGES) OR 0

- USE "SOLVE" TU UB'AiT SOLUTION OF LINEAR SYSTEM.
* DETERM( A ) = IP(N)*UL(I,1)*UL(2,2)*... *UL(NN).
* IF IP(N) = 0, A IS SINGULAR, SOLVE WILL DIVIDE BY ZERO. I

INTERCHANGES FINISHED IN U, ONLY PARTIALY IN L

REAL CABS
COMPLEX A, UL, T
INTEGER F, NDIM, IP, K, KPI, ", I, J I
DIMENSION A(NDIM.NDIM), UL(NDIM,ND1M)
DIMENSION IP(NDIH)

DO 1050 I = 1, NDIM
DO 1000 3 = 1 IVDIM UUL(J,I) =A0J,1)

1000 CONTINUE
1050 CONTINUE

IP(N) =
DO 1700 K = 1, N
IF ( K .EQ. N ) GO TO 1600
KPI = K + 1
M=K
DO 1100 1 = KP1, N
IF ( CABS( UL(IK) ) .GT. CABS( UL(M,K) ) ) M I

1100 CONTINUE
IP(K) = M
IF ( K .ME. K ) IP(N) -IP(N)
T UL(M,K)JLýM Ký = UL(K,K)
UL(KLK = T
IF ( CABS(T) .EQ. 0.0 ) GO TO 1600
DO 1200 I = KPI, N I
UL(I,K) = -UL(I,K)/T

1200 cNNTTNUF
DO 1500 J = KP1, N
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T = UL(M,i)
UL(M.3J = UL(K,J)
UL(KJ= T
IF ( CABS(T) EQ. 0.0 ) GO TO 1400
DO 1300 I - KP1, N
UL(I,J) - UL(IJ) + ULI,K)*T1300 CONTINUE

2400 CONTINUE
1500 CONTINUE
1600 CONTINUE

IF ( CABS( UL(KK) ) .EQ. 0.0 ) IP(N) 0
1700 CONTINUE
99999 CONTINUE

RETURN
END

C DECK CEVAL

COMPLEX FUNCTION CEVAL (CSPLNEoEIGHT)
COMPLEX CSPLNE(4)
DIMENSION WEIGHT(4)

CEVAL = (0.,0.)
DO 10 1=1,4
CEVAL = CEVAL + WEIGHT(I)*CSPLNE(I)

10 CONTINUE

RETURN
END

C DECK CLIP
SUBROUTINE CLIP (LIMITTFN,TFNMOD)

* this routine imposes a limit on the magnitude of a dimensional
* transfer function (surge, away or yaw in quartering soas)
* W.G.MEYERS, DTNS/KC, UfldWVT

REAL LIMIT,MAGN
COMPLEX TFN TENMOD
MAGN = CABStIFN)

IF (LIMIT.LE.O. .OR. NAGN.LE.LIMIT) GO TO 10

transfer function clipped

RATIO = LIMIT/MAGN
TFNMOD = RATIO*TEN
GO TO 20

10 CONTINUE

transfer function not clipped

TFNMOD = TFN
20 CONTINUE

RETURN
END

C DECK CMINR
FUNCTION CMINR (ISKIP,AA)

DIMENSION AA(3,4)
SUM=O.0
DO 1 11=1,4
IF(I1.EQ.ISKIP) GO TO 2
:2=11+1
IF 12.GT.4) 12=1
IF 12.EQ.ISKIP) I2=12+1
IF 12.GT.4) 12=1
13=12+1
1r(T3.GT.4', 13=1
IFCI3.EQ.ISKIP) 13=13+1

35



IF(13.GT.4) 13=13
SUM=SUM+AA(1,Il)*(AA(2,I2)*AA(3,I3)-AA(2,13)*AA(B,I2))

2 CONTINUE
ICONTINUE
CMINR=SUM

RETURNI

C DECK COFOUT
SUBROUTINE COFOUT

* generate coefficient file conta 11ining seed- dependant added-mass
* and damping, exciting forces and KOCHI f unctions

COMMON /CH3D/ ISIGMA,SIGMIN.SIGMAX,V,SINMU,COSMU,WTSI,I
2 IMMIN ,IMMAX ,IMDEL ,LMIN ,LMAX

REAL SIGMINSIGMAX,VSINMU,COSMU,WTSI(4)
INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN ,LMAX

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPRRAOPR,RLDMPR,DISPLMT,I
2 LRAOPR,ADRPR,ORGOPTN,GMNOM,KG,STATN(25) ,NSOFST(25),
2 NLEWF(26) HLFBTH(10,2F),WTRLNE(10,25),BLEWF(25) TLEWf(25),
2 AREALF(265,NPTLOC,PTNUMB(I0) ,PTNAME,XPTLOC(10),YPTLOC(10):
2 ZPTLOC 10ý NBB FBNUMB(I0),FBNAME,XPTFBD(10),YPTFBD(1O),

2 ZPTFBD 10 .FBCODE(10),FBTYPE,RDOT(10) ,VKDES,FNDES,
2STATNM,STATISI
CHARACTER*4 PTNAME(8,10) ,FBNAME(8,10) ,STATNM(&) ,FBTYPE(3, 10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,F'BCODE,

2 FBNUMB ,PTNUMB ,ORGOPTN

REAL XG
COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMASIGWH,

1 NSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANGS,NNMU,FRNUM,VFS
INTEGER NvK,NMU.NOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8)
REAL VK(6) ,MU (37,8) ,0MRA(3O). SIGMA(10) .SIGWH(4) ,TMODAL(8),

2 RANG(8),RLANG (8) ,S (3,8),FRNUM(8),VFS(8)

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRL,AWP,VCB,FBDX,FBDY,
2 FBDZNFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTATBSTAT,TITLE,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVECPITCH,CHEAPI,CRi)LL,
2 AREAMX ,WSURF ,GIRTH ,FBDZV PDBLWL ,TLCB
INTEGER NSTATN NOFSET(26) JNFREBDI,NPTS
CHARACTER*4 TITLZ(20)I
REAL X(25),Y(10,25),Z(10,2S¾,FBDZV(8,10),LPP.BEAM,DBLWL,TLCB,

2 DRAFT,LCF,VCG,GH DELGM NEBLA KPITCH KROLL KYAW KYAWRL,AWP,VCB,

2 FBX(10 FBD(IO,FBDZ 10),XPT(10),YPT(1OS.ZPT(10),LCB.GML,4 ASTAT(255 ,BSTAT(25) MASS,DISPLM,IPITCH,IROLL,IYAW,

5 IYAWRL,CHEAVE,CPITCH,CHEAPI ,CROLL,AREAMX,WSURF,GIRTH(26)

COMMON /10/ SYSFIL,POTFIL,COFFIL.LCOFIL.ICARD.TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFiL,RMSFIL,,SEVFIL,SPDFIL,
2 SPTFIL, LACFIL ,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFILICARD,TEXFIL,IPRIN,I
2 SCRFIL,HPLFIL,LRLAFIL,ORGFIL,RAOFIL.RMSFIL,SEVFIL,SPDFIL.
2 SPTFIL,LACFIL,LAEFIL

COMMON /PHYSCO/ II ,TPI .PI ,PIOT,DEGRAD PRADDEG ,VKMETR,METRVK,GRAVI
2 RHO ,GNU,RHOS ,RHOFGNUS ,GNUF,FTMETR,PUNITS ,REYSCL

COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI .PI ,PIOT,DEGRAD ,RADDEG ,VKMETR,METRVK,GRAV ,RHOGNU,ILHOS,

I RHOF,GNUS ,GNUF,F1rMETRI

COMMON /STATE/ LAT,VRT PLOADS,*ADDRES ,SALT,HEAD,EXROLL,BKEEL
LOGICAL LAT ,VRT,LOADS,ADDRES ISALT ,HEAD ,EXROLL,,BKEEL

COMMON /STELEM/ STELEM3
COMPLEX STELEM (4,9,250)

COMMON/TELE.N/TELEM3
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COMPLEX TELEM(4,91 10)

COMMON /WGHTS/ WTDL,NORM
REAL WTDL(10,25),NORM(4,10,26)

COMPLEX TV(3.3) TL(3 3),EXCV(3),EXCL(3),HJV(3),HJL(3),H7
COMPLEX STV5,31,3CDUA3 3) SF3(25),SH3(25)
DIMENSION SA33(26) ,SB33(255

DATA ISIGO /0/

READ (SCRFIL) WTDLNORM
REWIND SCRFIL
REWIND COFFIL
READ (COFFIL) TELEM
DO 300 IV=I,NVK
V = VFS(IV)
NMU =NNMU(IV)
DO 200 IH=1,NMUI IIDNG MU(IHIV)
SINMU SIN (HDNG)
COSMU =COS(HDNG)
CON =V*COSMU/GRAV
DO 100 1W=1,NOMEGAI ALPHA = MEGA(IW)*CQN
OMEGAE = ABS(OMEGA(IW)*(1.O-ALPHA))
IF (OMEGAE .LT. SIGMA(1) OMEGAE = SIGMA(1
WE OMEGAE
WE2 WE*WE

CALL FINTSP (OMEGAE)

NPT = NOFSET(K

IF (NPT .LT. 2 GO TO SO
CALL AMD (OMEGAE,STELEM(1 1 M) STV CDUM)

SA3(K =REAL(STV(2,2))/&E2W
SB33(K = AIMAG(STV(2,2))/WEI 0 CONTINUE
CALL AMD (OMEGAE TELEM,TV,TL)
IF (ISIGMA .NE. iSIGO) CALL RDPELM
ISIGO =ISIGMA
CALL EXFOR (OMEGA(IW) ,OMEGAE,EXCV,EXCL,H3V,HJL,H7,SF3,SH3)

WRITE (COFFIL) OXEGAE TVS TL EXCV EXCLHJVHJLH7

DECK CONTINUE
SUBRCOUTINUE CNW WCLMNOE

INPUCOTIU

CONTORID NPIT-AGN OMT

OUTPUT

W(J) J=1 INODE WEIGHTS SUCH THAT INTEGRAL OF F.DS
SUM OF FO).W(J)

,'ýUwi ... l - VVT 'n~T 10/WTT T.FLPTFLCF I'.nCTT-TCARrJTEXFIL.IPRIN.

2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
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2 SPTFIL,LACFIL,LAEFIL3
INTEGER SYSFIL,POTFIL,,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,

2 SCRFIL,RPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

DIMENSION CELEM(8,9) ,FELM(4,9)3

DIMENSION A(5,5), IP(S),W(10)

DIMENSION r(10),CF(4),CO(S),CG(8L.C01(9)
DIMENSION X(4) ,Y(4) ,STORCD(9,5)I
DIMENSION SCR(3) ,XDS(S) ,YDs(S) ,SUM(5)

IF(NNODE.GT.10) WRITE (IPRIN,602) NNODE

IF (NNODE.GT.10) STOP
IF (NNODE.LT.2l WRITE (IPRIN,602) NNODEI
IF (NNODE.LT.2 STOP

602 FORMAT (' ERROR - CONIWT -NNODE =',IS)

NELEM=NNODE- 1
DO 1 I=1,NNOOE
TG(I)=I-1

1CONTINUE
DO 2 I=1,NNODE
w(I)=.O

2 CONTINUE

f it polynomial to dl/dt
*set up matrices

DO 3 1=1,5
T=0.25*(I-1)
A(I,1)=1.0
DO 4 3=2,5
A(I,3>=T*A(I,J-1)

4 CONTINUE
3 CONTINUEI

CALL RDGOMP (5 5 A IP)
IF (IP(5).EQ.05 GO TO 101
DO 5 K1I,NELEM

Xjf1=CELEM 1: )

X3=3.O*(CELEM(&,K)-CELEN(1 ,x))-2.0*CELEM(3,K)-CELEM(7,K)
X4=CELEM (7,10 .CELEM(3,K)+2.0*(CELEM(1,K)-CELEM(5.K))
Y )=CELEM (2,E

Yý2 ý CELEM(4,':KI
Y4=CELEM(8,K)+CELEM(4,K)+2.0*(CELEM(2,K)-CEILEM(6,K))

*evaluate dl/dt at five points over (0,1)

CALL PDER (SCRIDID,X.4)
CALL PHlPY (XDS, IDIOS ,SCR,IDXO ,SCR,IDXD)
CALL PDER (SCR,IDYD,Y,4)
CALL PMPY (YDS ,IDYDS ,SCR,IDYD ,SCR,IDYD)

DO 6 1=1,6
T=0.2&*(I-1)
CALL PVAL C(TEMPT SUM,IDSUM)
DLDT(I )=SQRT(TEMPS

6 CONTINUE

* fit polynomial to dl/dt
* evaluate matrix solution

CALL RSOLVE (5,5,A,DLDT,IP)3
DO 7 I=1,5
STORCD(K,I)=DLDTCI)

7 CONTINUE
5 CONTINUE

* calculate weights

DO 8 I=1,NNODE 
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DO 9 J=1,NNODE
F(J)=0.O

9 CONTINUE
F(I)=I.0
CALL SPFIT (TG,F.FELM,NNODE)
DO 10 J=INELEM
CF 1)=FELM(1,J)

CF(2)=(FELM(3,J)-FELM(1,3)-FELM(2,J)/3.-FELM(4,J)/6.)
CF(3)=FELM(2,J)/2.
CF (4) =(FELM(4,J)-FELM(2,J))/6.
DO 11 K=1,5
CD(K)=STORCD(J,K)

11 CONTINUE
CALL PMPY (CGIDGCD,SCF,4)
CALL PINT (CGI,IDGI,CG,IDG)
CALL PVAL (VALO,O.O,CGIIDGI)
CALL PVAL (VALI,I.O,CGI,IDGI)
W(I)=W(I)+VALI-VALO

10 CONTINUE
8 CONTINUE

RETURN
101 CONTINUE

WRITE (IPRIN,601) IP(S)
STOP

601 FORMAT (I ERROR - CONIWT - IP(S) = ',15)

END
C DECK CPFIT

SUBROUTINE CPFIT (X, Z, CELEMS, NPTS)

CPFIT CREATED FROM SPFIT E N BUBBLE JUNE 1977
FITS CUBIC NON-PARAMETRIC SPLINE SEGMENTS

TO SET OF COMPLEX DATA POINTS

* INPUTS

* X = ARRAY OF REAL INDEPENDENT VARIABLES
S Z = ARRAY OF COMPLEX DFPENDENT VARIABLES
NPTS = NUMBER OF (X,Z) DATA POINTS

* RETURN
* CELEMS = ARRAY OF (NPTS-i) SEGMENTS IN FOLLOWING FORM

(Z(I). D(I), Z(I+1), D(I+I) ) I WHERE
SD = ARRAY OF SECOND DERIVATIVES AT DATA POINTS

i ARRAYS A,B,C ARE MAINLY SUB DIAG., DIAGONAL, AND SUPER DIAG.
D ARRAY IS THE RIGHT HAND SIDE OF MATRIX EQUATIONU SECOND DERIVATIVES AT NODES ARE PLACED IN D ARRAY AFTER SOLUTION

* SOLUTION TECHNIQUE IS GAUSSIAN ELIMINATION
* BOUNDARY CONDITIONS SET BY EXTRAPOLATION OF SECOND DERIVATIVES

COMMON /10/ SYSFIL.POTFIL,COFFILLCOFIL,ICARD,TEXFIL,IPRIN,

2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

COMPLEX Z. ZDD, STORE, D, CELEMS
DIMENSION i(NPTS),Z(NPTS),CELEMS(4,NPTS)
DIMENSION A(100), B(100), C(100), D(100)

N = NPTS
NLI = N - 1
NL2 = N - 2
DO 50 I=2,N
IF (X(I) .GT. X(I-1)) GO TO 50
WHITE (1RItNuo Ak.L-) !(I-')
GO TO 88888

50 CONTINUE
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I
IF (N .LE, 100) GO TO 100 IWRITE (IPRIN,999)i
N = 100

100 CONTINUE
IF (N .GT. 2) GO TO 125D2= 0.0: .

GO TO 375
125 CONTINUE

IF (N .GT. 3) GO TO 150
ZDD = 2.*((X(3)-X(2))*Z(1)+(X(2)-X(1))*Z(3)-(X(3)-X(1))*Z(2)) I
/((X(3)-X(2))*(X(2)-X(1))*(X(3).-X(1)))
D (1) = ZDD
D(2) = ZDD
D(3) = ZDD
GO TO 37I150 CONTINUE
DO 200 I=I,N
A(I) = 0.0
B(I= 0.0
C I= 0.0
D(I) = (0.0, 0.0)

200 CONTINUE

S~ set up matrices (a tridiagonal structure)

All) = (x(3)-X(2))/(X(3)-x(1))
C 1) = 2.0
B ( I = 1 . 0 - A (1D I - 6.O*((Z(3)-Z(2))/(X(3)-X(2I)-(Z(2)-Z(I))/|

I(X(2)-X(1))/(X(3)-X(1)
H = X(3) - X(2)
DO 250 I=3 NL1
HP = X(I+15 - X(I)
C(T) = HP / (H+EP)

AI= 1.0 - gI)
D(I) 6.0*((Z(I+1)-Z(I))/HP-(Z(I)-Z(I-1))/H)/(HP+H)
H = HP

250 CONTINUE

*set boundary conditions

Cý2ý = (X(2)-X(1))/(X(3)-X(2)).0

B(2) = -1.0-C(2)Cý2ý = -A(2)*A(1ý/B(1) +00 .0 C(2)

B =N1.0
D(N) = (0.0, 0.0)

solve equations

II = 1
DO 300 I=I,NL2
I= I + 1
12 = I + 2
AUGH = ABS (B(I))
IF (AUG1 .LT. 1.OE-06) Gf TO 275
CONST = A(11) I B(I)
BffI 1) B (Ii) CONST*C(IBD I1 = D(I1) CONST*D(I)
IF (I .NE. NL2) GO TO 300
AýNý A(N) C N *Cf(Ifl B(I)
D Nj D Nj C (N *D I B (I)
GO TO 300

275 CONTINUE

D(I) = D(I) / C(I)D(I1) =D(11) - B(I1)*D(I)1
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I
AN8 = 0A(I)

D(12) = D(12) - A(12)*D(I)
A(12) = o0o
IF (I .NE. NL2) GO TO 300
A(N) = C(N)

300 CONTINUE
DET = B(NL1)*B(N) - C(NLI)*A(N)
STORE = D(N)
D(N) M(B(NLI)*D(N) - D(NL1)*A(N)) / DET
D(NL1) = (D(NL1)*B(N) - C(NLI)*STORE) / DET
IP = 0

DO 350 I=2,NL2
J= N - I
IF ji .EQ. IP) GO TO 350
IF (JI .EQ. II) GO TO 325
D(OI) = (D(JI)-c(JI)*D(JI+1))/B(JI)GO TfO 350

i326 CONTINUE
IP = Jl-1
STORE = D(JI)
D(JI) =D(IP)
D(IP) = (STORE - C(IP)*D(Jl+l))/B(IP)

I350 CONTINUE

D(1) = (D(1) - A(1)*D(3) - C(I)*D(2)) / B(1)

* set up spline segments

375 CONTINUE
DO 400 I=I,NL1
I1 = I + 1
CELEMS(1,I) = Z(I)
CELEMS (2,1 = I)
CELEMS (3,1 =(D1)

400 CONTINUECELEMS (4,1 = I(1

99999 CONTINUE

RETURN
88888 CONTINUE

STOP
888 FORMAT ('0 CPFIT-- X VALUES NOT ASCENDING', 2E16.8)
999 FORMAT ('0 CPFIT-- NPTS EXCEEDS 100. ONLY 99 SEGMENTS RETURNED')

END

C DECK CPINTG
SUBROUTINE CPINTG (SXA,SXB,SX,NPTS,SELEMS,AS,INTGS)

* CPINTG CREATED FROM SPINTG
* EVALUATES THE INTEGRAL OF A COMPLEX FUNCTION DEFINED BY
* COMPLEX NON-PARAMETRIC SPLUNE SEGMENTS

* INPUTS
* XA = LOWER LIMIT OF INTEGRATION
* XB = UPPER LIMIT OF INTEGRATION

X* = ARRAY OF REAL INDEPENDENT VARIABLES
* NPTS = NUMBER OF VALUES IN X-ARRAYCELEMS = NON-PARAMETRIC SPLINE SEGMENTS GENERATED BY CPFITS A = CONSTANT FOR SPECIFIC INTEGRAL TO BE EVALUATED

S* RETURNS
INTG = INTEGRAL OF F(X) * EXP(II*A*X)
IF A = 0.0 , THEN INTG = INTEGRAL OF F(X)

IMPLICIT REAL*8(A-H,O-Z)

COMPLEX SELEMS,SZA,SZB,SSA,SSB,INTGS,CTEMP
REAL SXASXB,SX,AS
COMPLEX*I6 CELEMS, INTG, II, CINTG, SINTG, CISEG, SISEG, SEGINT,
ZA, ZB, SA, SB, Zl 2, Z 1 S2, ZAA, ZB, ZCC, F?, QQQ
DIMENSION X(25),CELEMS(4,25),SX(NPTS),SELEMS(4,NPTS)
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EXTERNAL LIPI

DATA II / (0.D+0, 1.0+0)/

CINTG = 0.D+0, 0.D+0

CALL CPLVAL. (SI, NPTS, SELEMS, SIA, SZA, SSA, IA)I

CALL CPLVAL (SI, liFTS, SELEMS, SIB, SZB, 555, 1B)
XA=DBLE(SIA)

IB=DBLE ( SB)
DO S 231I.NPTS
X(J3)=DBLE(SICYJ))
DO 6 31=1,4
CTEMP=SELEMS(JI .3i)

6 CELEMS(JI,3J)ýDCMPLI(DBLE(REAL(CTEMP)) ,DBLE(AIMAG(CTEMP)))U
5 CONTINUE

ZAZDCMPLI DBLE(REAL (SZA)) IDBLEAIMAG (SZA)))
ZB=DCMPLI (OBLE (REALM(SB) ,DBLEkAIMAGR(ZB)))
SA=DCMPLI (DBLE(REAL (SSA)) ,DBLE( AIMAG(SSA)))
SB=DCMPLX (DELE REAL (555) ,DBLE CAIMAG(SSB))I
A =DBLE(AS)
A2 =A * A
A3 =A * A2
A4 =A * A3
DO 500 I=IA,IBI
IF (I .GT. IA) GO TO 100
Xl I A
X2 =X(I+i)
Zi= ZA
Z2 a CELENS(3,I)
S2 =CELEHSC4,I)
GO TO 300

100 CONTINUE
IF (I .LT. 18) CO TO 200

X2 =XE
Zi CELEMS(i,I)
Z2 =Z
Si CELEMS(2,I)1
S2 = SB
GO TO 300

200 CONTINUE
X1 = 1(1)
12 = X +1)1
Zi= CELEMSl (1.1
Z2 = GELENS (3,1
Si CELEMS (2,1
S2 = CELEHS(4,I)I

300 CONTINUE
11 12 - X1
IF (A .NE. 0.0) GO TO 400
SEGINT =(Z2+ZI) * XI / 2. -(52+51) * I**3 /24.
CINTG =CINTG + SEGINTB
GO TO SO0

400 CONTINUE
ZAA = (52-SI) / CXX *6.)

ZBB Si$ / 2.
ZCC = (Z2-Zl) / XI (S2 + 2.*S1) * X 6.I
AIX = A * IX
E =DSIN (AIX)
F =DCOS (AIX)
112 = XX * XX
113 =XX * 112
P = R3.*A2*XX2 - 6.)I A4I

= A2*1X3 - 6.*XI / A3
Ahl = F*P + E*Q + 6./A4
AA2 = E*P - F*QPP =(2.*XX) /A2I

PQ=(A2*xX2z - 2.) A

BBl = F*PP + E*QQ
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BB2 =E*PP - F*QQ - 2./A3
XXA =XX / A
CCI= (F-13)/A2 + E*XXA
CC2 = E/A2 - F*XXA3DD1 E/A
DD2 =(1.-F)/A
AXI= A * XI
VV =DCOS (AXI)
UU =DSIN (AXl)
PPP =(AA1*ZAA + BB1*ZHB + CCi*ZCC + DD1*Zl)IQQQ m(AA2*ZAA + B?2*ZBB + cC2*ZCC + DD2*Zi)
SISEG = UU*PPP + VV*QQQ
CISEG = VV*PPP - UU*QQQ
CINTO = CINTG + CISEG
SINTG = SINTG + SISEGISo0 CONTINUE
INTG = CINTG + II*SINTG
INTGS=CMPLX(REAL(INTG) ,REAL(AIMAG(INTG)))3 RETURN
END

C DECK CPLVAL
SUBROUTINE CPLVAL (X, NPTS, CELEMS, XO, ZO, SO, IELM)

CPLVAL CREATED FROM SPLVAL
EVALUATES A COMPLEX NON-PARAMETRIC SPLINE

INPUTS
X = ARRAY OF REAL INDEPENDENT VARIABLES

*NPTS = NUMBER OF VALUES IN I-ARRAY
*CELEMS= COMPLEX SPLINE SEGMENTS GENERATED BY CPFIT

X 0 = I-VALUE AT WHICH SPLINE IS TO BE EVALUATED£ * RETURNS
o 20 F(XO) =2-VALUE EVALUATED AT 10

*so = SECOND DERIVATIVE EVALUATED AT XC
*IELK = INDEX OF SPLINE SEGMENT CONTAINING 10

COMPLEX CELEMS, 0, 21, Z22 SO Si. S2
DIMENSION X(NPTS) ,CELEMS(4,NPTSS

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARfl,TEXFIL, IPRIN,
2 SCRFIL,HPLFILLRAFIL,CRGFIL,RAOFIL,RHSFIL,SEVFIL,SPDFIL,I 2 SPTFIL, LACFIL, LAEFIL

INTEGER SYSFIL ,POTFIL,COFFILLCOFIL,ICARD,TEXFIL, IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

N =NPTS
IF (X0.GE.X(i) .AND. 10.LE.I(N)) GO TO 100
WRITE (IPMIN,999) 10
GO TO 99999I100 CONTINUE
DO 200 I=2,1
IF (X0 .GT. X(I)) GO TO 200
GO TO 300

200 CONTINUEU300 CONTINUE
II = X(I+1) - X(I)
X1 = 10 - I~l)
X2 = X(I+1) - 10
116 = XI * XX / 6.0

Z2 = CELEMS (3,1)
Si = CELEMS (2.1)
S2 = CELEMS(4,I)Izo = (5j * X2*43 + S2 X*I1*3) /(6.0 *XX) +
( (Zi -514'XX6) *X2 + (22 S2*IXG) * xl )/XX

so ý(sl* X2 S-ý* x1) / X3 IELM = I

43



RETURN I
99999 CONTINUE

STOP
999 FORMAT ('0 EXTRAPOLATION NOT ALLOWED. XO =', E16.8)

END

C DECK CSOLVE
SUBROUTINE CSOLVE ( N, NDIM, UL, B, X, IP I

SOLUTION OF COMPLEX LINEAR SYSTEM, A*X B

"* INPUT...
N = ORDER OF MATRIX.

* NDIM = DECLARED DIMENSION OF ARRAY UL.
* UL = TRIANGULARIZED MATRIX OBTAINED FROM "DECOMP".
* B = COMPLEX RIGHT HAND VECTOR.
* IP = POVOT VECTOR OBTAINED FROM "DECOMP".
* DO NOT USE SOLVE IF DECOMP HAS SET IP(N) = 0 I

OUTPUT...
X = COMPLEX SOLUTION VECTOR.

COMPLEX UL, B, I, T
INTEGER NDIM, IP, I K KB, KMI, KP1, M, N, NMI
DIMENSION UL(NDIM,NDIMS, B(NDIM), X(NDIM)
DIMENSION IP (NDIM)

DO 1000 K = 1, NDIM1
X(K) = B(K)

1000 CONTINUE

IF ( N .EQ. I ) GO TO 1500
NM =N - 1
DO 1200 K = 1, NMI
KPI = K + I
N IP(I{
T = X(M)

X 1ý (K)1
DO 1100 I = KPI, N
X(I) = X(I) + UL(I,K)*T

1100 CONTINUE I
1200 CONTINUE

DO 1400 KB = 1, NMi
KMI = N - KB
K = KMI + 1
X(K) = X(K)/UL(K,K)T = -X(K)
DO 1300 I = 1. KMi
X(I) = X(I) + UL(I,K)*T

1300 CONTINUE
1400 CONTINUE1500 CONTINUE

X(l) = X(I)/UL(l,l)
99999 CONTINUE

RETURN i
END

C DECK CUBC02

SUBROUTINE CUBC02 (SEG, CC)

CUBCO2 CREATED FROM CUBCO ( NAVSEC-N072 ) - A M REED JULY 1976

* CONVERT CUBIC CURVE SEGMENT REPRESENTATION FROM ENDPOINT-TANGENT
FORM AS GIVEN IN THE ARRAY SEG TO CUBIC POLYNOMIAL COEFFICIENTS 1

* IN THE ARRAY CC. SET POLYNOMIAL COEFFICIENTS FOR THE EVALUATION
o0r TANGENT VECTORS AND THE nX AND DY VALUES IN ARRAY CC.

I
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* INPUT
*SEG X( x), Y(1), DX(1), DY(1), X(2), Y(2), DX(2), DY(2))

* RETURN
*CC =(AX,AY,BXSBY,CX,CY,DX,DY,3AX,3AY,2BX,2BY,X2-X1 ,Y2-Y1)

DIMENSION SEG(8), CC(14)

DO 1000 I 1, 2
1) SEG (I)
C SEG (I+")
DELTA = SEG(I+4) - D
A =SEG(I+6) + C - 2.0*DELTA
B =DELTA - A - C

CC (I) = A
CC (1+2) =B
CC (+4)
CC(1+6)= D
CC (1+8)= 3.0*1.
CCH(+10)= .*
CC (1+12) =DELTA

1000 CONTINUE

RETURN
END

C DECK DKWSLM
SUBROUTINE DXWSLM (KR,IC,IM,NPREDH,N,NDATA,DATA.INDXRL.INDXHD,

2 HEADNG,HDNG,LINEAR,SYMMET,SPINDX,TOINDX,IP,PROB,NUMH,
2 RMROLL)

COMMON /DATINP/ OPTN,NOTN,BSCFIL,VLACPRRAOPR,RLDMPR,DISF'LMT,
2 LRAOPR,ADRPR,ORGOPTN,GMNOM,XG STATN(25),NSOFST(25),
2 NLEWF(26),HLFBTH(10,2S) .WTRLNE(l0,25) ,BLEWF(25) ,TLEWF(25),I 2 ArEALr(2CS,rqPTLOC ,PTNUMB (10).PTNAME.XPTLOr(10OYPTLOC(10),
2 ZPTLOC(10) ,NBB FBNUMB(10),FBNAME,XPTFBD(10).YPTFBD(10),
2 ZPTFBD (10) :FBCODE(IO) ,FBTYPERDOT( 10) VKDES.FNDES,
2 STATNM,STATIS
CHARACTER*4 PTNAME(8,10).FBNAME(8,1O),STATNM(&) ,FBTYPE(3,1O)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE-,

2 FBNUMB ,PTNUMB ,ORGOPTN
REAL KG

COMMON /ENVIOR/ VKNVK,MU,NMU,OMEGANOMEGA,SIGMA,NSIGMA,SIGWH,
INSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,SNNMU.F'RNUM VFS
INTEGER NVK,NMUNOMEGA,NSIGMA,NSIGWR NTMOD.NRANGNNMU(8)
REAL VK(8) ,MU (37 8) ,OMEGA(30) ,SIGMA6iO) SIGWH(4) ,TMODAL(8),

2 RANG(S),RLANG (8):S630,8),FRNUi(8),VFS(85

COMMON /GEOM/ X,NSTATN ,Y.Z ,NOFSET ,LPP PREAM .DRAFT .LCF,
I VCG,-M,DELC-M.!EBLA,KPITCH.KROLL.f-.YAWSXYAWRLAWP.VCB.FBDX.FBDY,
2 FBDZ.NFREBDXPT YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
2 DISPLM,IPITCH ,IROLL, IYAW ,IYAWRLL,CHEAVE,CPITCH ,CHEAPI ,CROLL,I 2 AREAMX,WSURF,GIRTH.FBDZV .DBLWL,TLCB
INTEGER NSTATN,NOFSET(25) ,NFREBDNPTS
CHARACTER*4 TITLE(20)
REAL X(2S),Y(10,26),Z(i0,25),FBDZV(8,10),LPP.BEAM,DBLWL,TLCB.

2 DRAFT LCF VCG GM DELGM WEBLA.KPITCH KROLL KYAW*KYAWRL,AWP,VCB,U2 FBDX(iO) FBDYUO$i,FBDZUIO),XPT(10),YPT(1O5,ZPT(1O),LCB,GML,
4 ASTAT(26S,BSTAT(2S),MASS,DISPLf4,TPITCH,IR0LL,IYAW,
5 IYAWRL,CHEAVE,CPITCH ,CHEAPI ,CROLL,AREAMX,WSURF .GIRTH(25)

COMMON /INDEX/ PFIDX ,LPFIDX ,RMIDX ,LRMIDX,SVIDX ,LSVlDX
INTEGER LPFIDX LRMIDX LSVIDX
REAL PFIDX(2365,RMIDX683) .SVIDX(3)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFILSPDFIL,2 PFLLCFILEI
2 ~lLACIGTI~,.ILI..T 'R k'LIR

2 SCRFIL.HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFILSPDFIL,
2 SPTFIL,LACFILLAEFIL
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COMMON /PHYSCO/ II,TPI,PI,PIOT.DEGRAD,RADDEG,VKMETR,METRVK,GRAV,U
2 RFIO.GNU.RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI.PI,PIOT,DECRAD.RADOEG,VKMETR.METRVK,GRAV,RHO,GNU,RHOSP

1 RHOF,CNUS,GNUF,FTMETR

INTEGER HEADNG
REAL NUMH,NHMAX,MHMIN
LOGICAL LINEAR,SYMMETS
CHARACTER*1 BLANK
CHARACTER*2 AC(2) AT AVK
CHARACTER*3 FBT(31 ,Pr( o)
CHARACTER*4 ACOND(3,2) ,METER,MET,FT,1HSSIWfIT
CHARACTER*110 PARS,SEAU
DIMENSION RM(8.24),RV(B,24).ROLL(13,64,4),DATA(432-),lNDXRL(25),

2 INDXHD (25) ,HEADNG(26) HDNG(24),SPINDX(9),
2 TOINOX (9),PROB(2S,8,8S.NUMH(2S.,B6),ELM(4.8)
DIMENSION PRB(13) ,NHR(13)

EXTERNAL EXPI

DATA FBT/'SLM".'EMG','SBM'/
DATA PT PI'P',P2','P3', 'P4','PS','P6','P7'.'PG','PS','P1Ol/
DATA METER,METFT I'METE'2' M, '.' FT.'I/
DATA BLANK I' " V
DATA AC /PLC' 'SC'/
DATA ACONO /'LONG'P'CRES'.'TEO ','SHOR','TCRE','STED'/

IF (FBCOOE(IP) .EQ. i) WRITE (PARS,3030) FBT(1),PT(IP),I
2 XPTFBD(IP),YPTFBO(IP),ZPTFBD(IP),RDOT(IP)

3030 FORMAT (2A3,12X.3OHSLAMMING IN NUMBER PER HOUR AT,4X,SHXFP =
2 FE.2,3XSHYCL =.FT.2,3X,SHZBL =,F7.2,SX ONROOT =.F6.2)

IF (FBCOPE(IP) £ Q 2) WRITE (PARS.30405 FBT(2),PT(IP),
2XPTFBO(IP),APTFBD? IP),ZPTFBD(IP)3

3040 FORMAT (2A3 121,3IHEMERGENCE IN NUMBER PER HOUR AT,4X,SRXFP,
2 F6.2,3X,SHYCL =,F7.2,3X.SHZBL =,F7.2,1GX)

IF (FECODECIP) .EQ% 3) WRITE (PARS.3050) FBT(3LPT(IP).
2 XPTFBD(IP) ,YPTFBD (IP) IZPTFBO(IP)I

3050 FORMAT (2A3,12X,33HSUBMERGENCE IN NUMBER PER HOUR AT,4X.SHXFP =
2 F6.2,3X,BHYCL =,F7.2,3X,SHZBL =,F7.2,14X)
ESPIND = NVK + I
ITOIND = ITMOD + 1
PRIDIR = 90.U
SECDIR = 0.
JR = KR - i
DO 300 I5=1 NSIGWH
CON = SIGWHLIS)SSTATIS
K0= I
DO 200 XTO=1,NTMOD
DO 100 IV=1,NVK
K=xK+ 1
SWHNAX = .202*TMODAL(ITO)**2
IF ýPUNITS(1 .EQ. METER) SWHMAX SWHMAX*FTMETRI
IF SIGWH (IS .GT. SWHMAX) GO TO 100

* relatiie motion

CALL FETCH (JRPIV,ITO,DATADRMIDX,SFINOX.TOINOX,NOATA.LRMIDX,I
2 NVK,NTMOD,RMSFIL)
L 2*NPREDH
DO 10 1A=1,N
DO 10 IH1I,EPREDHI
IF (IC -EQ. 1) TEMP = DATA(L+1)
IF (IC SQ. 2) TEMP = DATA(L+2)
L L + 2
RM(IAIH) =TEMP*CON

10 CONTINUEI

* relative velocity
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CALL FETCH (KR IV,ITO,DATA,RMIDXSPINDX,T0INDX,NDATA,LRMIDX,
2 NVK.NTMOD,RMSFiL)

L =2*NrREDH

DO 15 1A=11 N
DO 16 IH=1.NPREDH
IF H~C .EQ. fl TEMP =DATAR(+1)
IF (IC .EQ. 2TEMP =DATA (L+24

RV(IA,IH) =TEMP*CON
16 CONTINUE

JdHEAD =24
Ni= NHEAD + i
DO 80 IH=INI
IF (IH *GT. NPREDH) GO TO 70
LE INDXHD(IH)
IF (.NOT. LINEAR) GO TO 20
RELMOT =R ( I,IH)
RELVEL =RV (1, IH)
GO TO 5O

20 KH = INDXRL(IH)
RLCALC =ROLL(KH,1{,IS)
IF (RLCALC .GE, RLANG(1)) GO TO 30
RELMOT = RN ( ,IH)
RELVEL = RV (1,11)
GO TO 60

30 IF (RLCALC .LE. RLANG(NRANG)) GO TO 40
RELMOT =RM(NRANG,IH)
RELVEL mRV(NRANG,IH)
GO TO 6O

40 CALL SPFIT (RLA!NGRM(1,IH),ELM,NRANG)
CALL SPLVAL (RLANG,NRANG,ELM,RLCALC,RELMOTDUM,IELM)
CALL SPFIT (RLANG,RV(I,IH),ELM,NRANG)
CALL SPLVAL (RLANG,NRANG,ELM,RLCALC,RELVELDUM.IELM)

60 IF (FBCODE(IP) .GT. 1) GO TO 60

s lamming

T = FBDZV(IV.IP)
ARG = (STATIS*T/RELMOT)**2 / 2
PROBI =0.
IF (ARG .LE. 6O.) PROBI = EXP(-ARG)
ARG = (STATIS*RLDnT(IP)/RELVEL)**2 / 2
PROBV =0.
IF (ARG .LE. SO.) PROBV = EXP(-ARG)
PROBS =PROBI*PROBV
NUMSLM 3600/(2*PI) * (RELVEL/RELMOT) *PROBS
PROB (LH,ITOIV) = PROBS
NUJHH(LHITO,IV) = KUMSLM
GO TO 80

* emergence and submergence

60 F =FBDZV(IVIP)
ARG (STATIs*F/RELMOT)**2 / 2
PROBE = 0.
IF (ARG .LE. 6O.) PROBE = EXP(-ARG)
NUMEMG =36001(2*PI) * (hELVEL/RELMCT) *PROBE
PROB (LHITOIV) =PROBE
NUMH (LHITO8 IV) =NUHENG
GO TO 80

70 JH =INDXRL(IH)
PROB(IH 11T0,IV) PROB(JH.ITO IV)
NUMH(IH,ITO,IV) =NtJMHC3H,ITOIV)

80 CONTINUE
100 CONTINUE

IF (SIGWII(IS) .GT. SWEMAX) GO TO 200
NHI4AX = NUMH(1,ITO,1)
NHMIM = NHMAX
DO 110 IV=1,NVK
nnO 110 TH=1;NHEAD
TEMP = WUMH(IH ITO,IV)
IF (TEMP .LT. iHMIN) NHMIN = TEMP
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IF (TEMP .GT. NEMAX) NHMAX = TEMPI

ISIGWH = SIGWH(IS)s100
IF (ISIGWN CGE. 1000) WRITE (25,3001) ISIGWH
IF (ISIGWH .LT. 10oo) WRITE (ES,3002) ISIGWH

IF ý1IGW.LT. 100ý WRITE BS ,3003) ISIGWH
IF ISIGWII .LT. 10 WRITE B5,3004) ISIGWH

3001 FORMAT (14)
3002 FORMAT (1110,13)
3003 FORMAT (21100.2)
3004 FORMAT (31000.11)U

3010 FORMAT (12)
ITMODL =TMODAL(1T0) + .5

(IFTfMODL .LT. 10) WRITE (AT,3000) ITMODL

SUNIT = MIETI
IF (PUNITS(1) .ME. METER) SURIT = FT
WRITE (SEA,3020) BS,AT,ACCIC),SIGWH(IS),SUNIT,TMODAL(ITO),

2 (ACOND(I.IC),1=1,3) ,(STATNM(I),I=1,3)
3020 FORMAT (2HBR,A4,2A2,32H BRETSCHNEIDER SEAWAY - SIGWH =,FG.2,A4,I

2 1011 TMODAL =.F6.2 711 SEC, .3A4,4X,3A4.7X)
* WRITE (SPTFIL,50;22 5PARS.SEA
* WRITE (SPTFIL .5026) NHMIN,NHMAX

6022 FORMAT ýA11O)
5026 FORMAT 1P2E1S.4)

200COTINE(SPDFIL) ((NUMH(IH,ITrO,IV),IV=1,NVX),IH=1,NHEAD))

* print number of occurrences in 1 hour for slamming, emergence,3
* and submergence

DO 250 IPAGE=1,2
IF (IPAGE.EQ.2 .AND. SYMMET) GO TO 250
WRITE (IPRIN 1 000) TITLEI

1000 FORMAT (±I1,22,od
IF (I EQ. i) RITE (IPRIN,1010)
IF (IIC :EQ. 2) WRITE (IPRIN 1020)

1010 FORMAT '/58X,1IHLONGCRESTEDS
1020 FORMAT (/58X 12HSHORTCRESTED)I

IF (PUNITS(15 .WE. METER) WRITE (IPRIN.1030) SIGWH(IS)
1030 FORMAT (45X,25HSIGNdIFICANT WAVE HEIGHT =,F8.2,SH FEET)

IF (PUNITS(1) .EQ. METER) WRITE (IPRIN ,1031) SIGWH(IS)
1031 FORMAT (45X,2SHSIGNIFICANT WAVE HEIGHT =,F6 2 TH METERS)

WRITE ýIPRIM.1032) (FENAME(I,Ip),I=1.s),XPTFEIXIP),YPTFBDKIP),
FORMATB IP

1032 FOMT(/331,5A4,31.SHXFP =,FG.2,2X,SHYCL =,F7.2,21,SHZBL =,F7.2)
IF (FBCODE(IP) GT. 1) GO TO 120
WRITE (IPRIN,1033)

1033 FORMAT (/581 BESLAMMING)I
IF (PUEITS(1S .EQ. METER) WRITE (IPRIN,1o34) RDOT(IP)

1034 FORMAT (431y,2OHTHRESHOLD VELOCITY ,F6.2,11H METERS/SEC)
IF (PUNITS(1) .WE. METER) WRITE (IPRIN,1035) RDOT(IP

1035 FORMAT (431.2OHTHRESHOLD VELOCITY =,F6.2 9H FEET/SEC)
120 IF (FOCODE(IP) .EQ. 2) WRITE (IPRIN.10361

1036 FORMAT (/S8X,QHEMERGENCE)
IF (FBCODE(IP) EQ, 3) WRITE (IPRIN,1037)

1037 FORMAT (/S8X,11HSUBMERGENCE)
WRITE (IPRIN, 1040)

1040 FORMAT (/43x,4SHPROEABILITYXIOo / NO. Or OCCURRENCES PER HOUR)I
IF (IPAGE .EQ. 2) GO TO 225

* starboard headings

WRITE (IPRIN,1042) (HEADNG(IH).IH=1,13)
1042 FORMAT (/S81,2QHSHIP HEADING ANGLE IN DEGREES/4X IHV,2X,2HTO,7X,

2 4HREAD,471,9HSTBD BEAN,46X,GHFOLLOW/1OX,13(61.133)
DO 220 IV=1 NYK
IVK = VK(IVS + .5001I
WRITE (AVK,1045) IVE

104b FURMAT (.I2)
WRITE (IPRIN. 1050)1
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100DO 220 ITO=1,NTMOD

SWNN'AX = *202*TMODAL(ITO)*'2
IF 4PUNITS(1) .Eq, METER) SWHMAX = SWIIMAX*FTMETR
IF (SICWH(IS .GT. SWHNAX) GO TO 220
IMP =TMDDAL(ITO) + .5001

20CONTINUE

GO TO 250

port headings

'FWRITE (IPRIN,1043) (NEADNG(IH).IH=14,26)
1043 FORMAT (/58X,2QNSNiIP HEADING ANGLEF IN DEREA IHV,2X,21I10,7X,

2 4HBEAD,47X,9HPORT BEAM,461,EHFOLLOW/IO0X43(6X,135)
DO 240 IV=1 NVK
IVK = VX(IV + .5001
WRITE (AVK,1o45) IVK
WRITE (IPRIN,Ioso)U ~ ~~~DO 240 ITO=i,NTMODMEE)SMA SWAXTMT
SWHMAX =.202*TMODALk'ITO)**2

IF ~SIGWH(IS ~ GT. SWHMAX) GO TO 240
IMP = TMODAL(ITO) + .S001
LH = 26
DO 230 111=1,13

LRBIH LB O - H IT 403 RI NUMRH HI TOIV
230 cONTINUR

WRITE (IPRIN.1052) AVKIMP,(PRB(IH),MHR(IH),IN=1,1a)
AVK = BLANK

240 CONTINUE
250 CONTINUE
300 CONTINUE

RETURN
END

C DECK EDMKSP
FUNCTION EDMKSP (WE,LPPPV.EMD)3 REAL LPP

EDNKSP w EMD/(1.+626.*(V/(WE*LPP))**2)

RETURNI END
C DECK ELTINE - computes elapsed time

SUBROUTINE ELTIME (TS,ES)

I COMMON /10/ SYSFILPOTFIL,COFFIL.,LCOFIL,ICARLD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFILDRMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,BPLFIL.LRAFIL,ORGFIL,RAOFIL,RMSFILSEVFIL.SPDFIL,

2 SPTFIL ,LACFIL, LAEFIL

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS.DEV,PRN,SNPPS.SMPIS,
2 SNPOSSMPDS.SHPTYPS,SHIPS.VARS,CYCLS,TITLES.OPTION.LSIS.LSOS,

2 LSDS.LBALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS.LSMPDS,LSBPTYPS,
2LSHIPS.LTITLESI
CBARACTER*16O rAzSreei n TT3 CHARACTER*20 BALOS',DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDS,SRPTYPS
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CHARACTEF. SHIPS*6,VARtS42,CYCLS*2I

CIIARACTER*20 TS *ES

AS ='(12,IXI2,1X,F6S.2)'I
READ (TS,AS) IH,IM,BSEC
READ (ES,AS) JH,3M,ESEC

IF (ESEC .GE. ESEC) GO TO 10

ESEC =ESEC + 60.

10 IF (3M *GE. IN) GO TO 20
3M = 3M + 60.
311 = 311 - 1

20 IF (JH.L.T.IE) 3H=3H+24
KH1=311-lb
KM=JM-IM
DELSEC=ESEC-BSEC

KS=DELSEC+.5
AS = ' (//29X, "ELAPSED TIME"/16X,39('-")/'//

2 '17X,13," Haurs',2X,13, "Mi~nutes",2X,I3," Seconds')'
WRTE ý*,AS) KHKM,KS

WRITE TEXFIL,AS) KH,KM,KS
RETURN
END

CDECK EQMOTNI

COMMON /APPEND/ NBKSET ,NBKSTN(2) ,BKIMAG(2) .BKFS(2) ,BKAS(2),
2BKWD(2),BKSTN(10,2),BKHBC1O.2),BKLNTH BYV'WDTH,£

2 BKWL(10 2),BKAN(10,2),NSKSET,SKINAG(2S ,SKFLS(2).SKALS(2),
2 SKAUS (2,,SKH'BC2) SKPLML\2/ ,SKALWLý2, ,SKAUWL\2/ ,NRDSETRDIMAG(2)
2 RDRFS (2) ,RDRAS(25 RLDRRB(2) ,RDRFWL(2) ,RDRAWL(2). RDTFS(2).RDTAS(25,
2 RDTHP(2) RDTFWL(25 RDTAWL(2) NSBSETSBIMAG(2) ,SOBRFS(2) ,SOBRAS(2)
2,SOBRHB(25 ,SOBRFW(25 ,SOBRAW(25 ,SIBRFS(2) .SIBRAS(2) .SIBRHB(2), I
2 SIBRFw(2ý ,SIBRAW(2),SBTFS(2),SBTAS(2),SBTHB(2),SBTFWL(2),
2 SBTAWL (2. ,NFNSET,FNIMAG(2) ,FNRFS(2) ,FNRAS(2),
2 FNRHH(2) FNRFWL(21 FNRAWL(2) ,FNTFS(2) ,FNTAS(2) ,FNTHB(2),
2 FNTFWL(25 ,FNTAWL(25 ,NEXPRJI,ENRDO(8) ,ENRDS(8)

COMMON /CH3D/ ISIGMA,SIGMINSIGMAX,V,SINMU,COSMU,WTSI,
2 IMMIN,IMMAX,IMDEL,LMIN,LMAX

REAL SICMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)
INTEGER ISIGMA, INNIN,IMMAX, IMDEL,LMIN *LMAX

COMMON /DATIrn/ OPTN ,MOTN ,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLNT,
2 LRAOPR,ADRPR,ORGOPTN,GMNDM,KG,STATN(25) ,NSOFST(25),
2 NLEWF(25) HLFBTh(10,2C),WTRLNE(1O,25) ,BLEWF(25),TLEWF(25),
2 AREALF(255 ,RPTLOC,PTNUMB(10) ,PTNAME,XPTLOC(10) ,YPTLOCR(1),
2 ZPTLUC 10) ,NBB,FBNUMB(10) ,FBNAMEXPTFBD(10) ,YPTFBD(10),I
2 ZPTFBD 10) ,FBCODEQIO) ,FBTYPERDOT(10) ,VJWES,FNDES,
2 STATNMSVPTIS

CHARAC¶JUIR*4 PTNAME(8,10) ,FBNAMEC8,1O) ,STATNM(5) ,FBTYPE(3,iO)
INTEGER OPTE ,MOTN ,ESCFIL,VLACPR,RAOPR,ADRPR,RLDMPRFBCODE,U

2 FBNUMB, PTNIJMB ,ORGOPTN
REAL KG

COMMN /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL.NTNMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VFSI
INTEGER EVK,NMU,NOMEGA,NSIGMA,NSIGWH,NTMOD,NRANGNNMU(8)
REAL vlc(a),Mu(37,a),OMEGA(3P),SIGMA(10) SIGWH(4)¾TMODAL(8),

2 RANG(8),-ANGo),S(30,8),FRNUM(5),VFS(85

COMMON /FXNCON/ IACTFN,IFCLCS,FGAIN(8) ,FK(3) ,FA(3) ,FB(3),3
2 F,.,tCS(8,2')

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAPT,LCF,



1 VCG,GM,DELGM,NEBLA,RPITCH,KRC)LL,KXAWdKYAW4RL.AWPVCB,FBDX,FSDY.,
2 FBDZ,NFREDD,XPT,YPT.ZPT,NPTSO,LcS,GML,ASTAT,PSTAT,TITLE,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IyAWRLLCHEAIrEcpITcH,cHEAPI,CROLL.,
2 AREAMX,WSURP ,GIRTH ,FBDZV,DBLWL,TLCI3
INTEGER NSTATM,NOFSET(25) PNFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(10.25),Z(1O.25),FBDZV(8,1O),LPP,DEAM,DBLWL,TLCB,

2 DRAPT,LCP,VCGGM DELOM NEPLAKPITCH,KROI.L,KYAW,KY'AWRL,AWP,VCEI,
2 FBDX(1O) FBDY(1OS.PBDZ(1O),XPT(1O),YPT(1O),ZPT(1O),LCB,GWM.,
4 ASTAT(255 ,BSTAT(25) .MASS,DISPLM,IPETCH,TROLL,IYAW,
S IYAWRL,CFIEAVE,CPITCH ,CHEAPI ,CROTZ, AREAMX,WSURF ,GIRTH(25)

COMMON /HUJLL/ A26

COMMON /10/ SYSFIL,POTFIL,CCFTIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIIL,SPDFIL,
2 SPTFIL LACFIL *LAEFIL

INTEGER SYSPIL,POTFIL,COFFIL,LCEJFIL,,ICARD,TEXFIL,IPRIN,
2 SCRFILIHPLFIL,LRAFIL,ORGFIL,RAOPILRMSFILPSEVFILISPDFlL,
2 SPTFIL ,LACFIL ,LAEFIL

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEA.RADRADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF,GNUS,GNUF,PTMETR,PUNITS,REYSCL

COMPLEX 11I ~CHARACTER*4 PUNITS (2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,REOS,

1 RHOF .GNUS,GNUF .FrMETR

COMMON /RLDBK/ PSUR(25) ,HMK(25) .DC(25),CAK(25) ,HQ,HSPANHMNCHD,
2HAREA,HICPHYCP,HZCPHGAMMAHYHIAT HEAR,HICS,RQ(2) ,RSPAN(2),
2RMNCHD(2),RAREA(2) ,RXCP(2),RYCP(2$ ,RZCP(2),RGAMMA(2),RYHAT(2).

2 REAR(2) ,RLCS(2) .SQ(2) ,SSPAN (2) ,SMNCHD(2) ,SAREA(2) sxCP(2),
2 sYCP(2) SZCP(2),SGAMMA(2),SYHAT(2) SEAR(2)eSLCS(25 BQ(2),
2 BSPANý2 ,EMNCHD(2) ,BAREA(2) ,BXCP(25 ,BYCP(2j ,EZCP(25 ,BGAMMA(2),
2FXCP(2)UFYCP(2).Fzc2P(2).FGAMMA(2),FYHAT(.2).FEAR(25j FL'q2)'
BYHAT\,2) ,ER2)BC(),Q2,SPAN(2),FMNCHD(2) FAREA22 PC(22 P (22).

2 PCP( 2)PGAMMA(2,2),PYHAT(2,2).PEAR(i2I2,PLCS(2' 25,
2STADMP(1O5.SHPDMP(1O,8).ENCON,WPHITPHI,WMEI.M(4,95 SFELM(4,9,8)I2 REELM(4,9,8).PtELM(4,9.B),FEELM(4.9,8),HEELM(4.9,85,BEELM(4',9,83,
2 ENWMENSF(8,8),ENRE(8),ENPE(8),ENFE(8),ENHE(8),ENBE(8).
2 ENEMV( 88),ENRL(B),ENL(8ENFL(8) ENHL(8) ENSL(8) ENEL(8),
2 ENSHP (8,8),RELM(4,9') ,pITS(82&)9,RD (253 ,EDDY(8;25) , RGB(25)
REAL RDBLK(2692)
EQUIVALENCE (PSUR~i) ,RDBLK(1))

COMMON /SMPSYS/ FIS,AS,SIS,SL,,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2 SMPOS ,SMPDS,SHPTYPS ,SHIPS ,VARS,CYCLS,TITLES,OPTION ,LSIS ,LSOS,I 2 LSDS .LHALOS,LDEV,LPRN,LSHPPS,LSMPIS,LSMPOS ,LSMPDS,LSHPTYPS,
2 LSHIPS,LTITLES
CUARACTERs160 AS
CHARACTER*8O P75 .515,SOS ,SDS ,TITLES
CHARACTER*20 HALOS ,DEV ,PRN ,SMPPS ,SMP1S,SMPOS ,SMPDS,SHPTYPS
CHARACTER SHXPS*6 ,VARS*2,CYCLS*2
INTEGER*2 OPTION

COMMON /STATE/ LAT,VRT ,LOADS ,ADDRES ,SALT,HEAD,EXRULL,BKEEL
LOGICAL LATVRT,LOADS, ADDRES ,SALT ,HEAD ,EX;-ýOLL,BKEEL

COMMON /TELEM/ TELEM
COMPLEX TELEM(4.9,1O)

COMPLEX TV(33,3)TI(a 3) EXCV(3),EXCL(3),HIV(3,30),H3L(3,30),
2 H17(30) TLG(31,3) EXCLG(35,MOTV(3,30),MOTLG(3),TLGC(3,3),
2 EXCLGCý3) ,NOTL(3.30,8) ,UL(3,3)
COMPLEX ZERO,TAF(3) ,CTEMP
DIMENSION T44T(8)I CHARACTER*4 METER
REAL OMEGAE(30)
INTEGER IP(3)3 DATA METEREPS /'METE',O.OO1/



* solve equations af motion

ZERO =(0.,o,)

FIS =SDS(1:LSDS)/'/'.SCR'
OPEN (UNIT=SCRFIL,,FILE=FIS,FORI4='UNFORMATTED' ,STATUS: 'UNKNOWN')
READ (50RFI) RDIALK
CLOSE (UNIT=SCRFIL)

PIS = SDSQI:LSDS)//'.COF'
OPEN (UNIT=CUFFIL,FILE=FIS,FORM='UNFORMATTED' ,STATUS='UNKNOWN')
REAP (COFFIL) TELEM

FIS =SDS(1:LSDS)//'.ORG'
OPEN (UNIT=ORGFIL,FILE=FIS,FORM='UNFORMATTEO' ,STATUS='UNKNOWN')I

FIS = SDS(1:LSDS)//'.LAC'
OPEN (UNIT=LACFIL,FILE=FIS, FORM= 'UNFORMATTED', STATUS= 'UNKNOWN')

FIS =SDS(a:LSDS)//'.LAE'I
OPEN (UNIT=LAEFIL,FILE=FIS, FORM= 'UNFORMATTED's STATUS='UNKNOWN')

FACT = FTMETR

IF (PUNITS(i) .NE. METER) FACT=1= 1
VKINC = VK(2) - VK(1)

WRITE (OROFIL) TITLE,NVK,NMUNOMEGA,OMEGA,NRANG,RLANG,VRT,LAT,
2ADDRES,LPP,EEAM,DRAPT,DISPLM,GM,DELGM,KG,KROLL,LCB,GRAV,RHO,I

DO 300 IV=l,NVK
V = VFS(IV)
FRNO = FRNUH(IV)1

DO 200 IH=1,NMU
HDNG = HU(IH,IV)
SINMO = SIN (HDNG)
COSMO = COS (HONG)I

ICLIP = 0
IF (ABS(HDNG-EPS) .LE. 90.) ICLIP =I

IF (ICLIP .EQ. 1) CALL LIMIT (XLIM,YLIM,PSILIM,HDNG,FRNO,DEGRAD.
2FACT)I
READ (COFFILS OMEGAE(1W) TV,TL,EXCV,EXCL,(HJV(I,IW),I=1,3),

2 (HJL(I,IW),I=1 3),117(1W)-
WE =OMEGAECIWS
WE2 =WE*WEU
A22 =REAL(TL(1,1))/(-WE2)
B22 =AIMAG (L(,1)) /WE
A26V =REAL (T(,3)(-WE2)
A26 A26V - VWE)*B22I
CALL FINERT (OMEGAR(I
CALL FINTSPT OMEGAE 1W)TJ
IF (.NOT. VRT) GO TO 16''
CALL SOLVE (3,Tv,EXCV,MOTV(1,IW),UL IP IPRIN)
IF (ICLIP.EQ.1 .AND. OMEGAE(IW).LT.O.20)U

2 CALL CLIP (XLIM,MOTV(i,IW),MOTV(1,IW))
10 IF (.NOT. LAT) GO TO 60

IF (HDNG.GT.EPS .AND. ABS(HDNG-180.).GT.EPS) GO TO 30
DO 20 3=1,3
DO 20 IA=1,NRANGI
MOTL(J,IW,IA) = (0.0.0.0)

20 CONTINUE
GO TO 60

30 CALL TRULAT (VCGTLEICL TLG EXCLG)

CALL ROEVAL (IV,OHEGA(IWS.OMEGAECIW) ,NRANG,TLG,EXCLG,TLGC,EXCLGC,

IF (IACTFN .EQ. 0) GO TO 34
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* add active fin coefficients

OMGE = OMEGAE(IW)
OMGE2 = OMGE*ONGE
CALL ACTFIN (IV,ZERO,.J,OMGE,OMGE2,TAF)U DO 32 I=1,3
TLGC(I,2) = TLGC(I,2) + FGAIN(IV)*TAF(I)

32 CONTINUE
34 CTEMP = TLGC(2,2)U IF (IW.EQ.1) WRITE (LAEFIL) VK(IV).HDNG

WRITE (LAEFIL) EXCLGC

S IF (IW.EQ.i) WRITE (LAEFIL,1170) VK(IV),HIING
WRITE (LAEFIL 1180) EXCLGC

1170 FORMAT(MF.3)
1180 FORMAT(1P613.4)

IF (IH.NE.7) GO To 43

IF (IW.EQ.1) WRITE (LACFIL) VK(IV) 11DNG,RLANG
WRITE (LACFIL) OMEGA(IW) ,OMEGAE(IWS
WRITE (LACFIL) T44T
DO 37 .3=1,3

37 WRITE (LACFfIL (TLGC(I,J),I=1,3)
WRITE (LAcFIL EXCLGC

43 CONTINUE

* IF (IW.EQ.1) WRITE (LACFIL,117o) VK(IV) HDNG,RLANG
WRITE (LACFIL,1170) OMEGA(IW) IOMEGAE(1W5

* WRITE (LACFIL,1180) T44T
* DO 37 J=1,3

*37 WRITE (LACFIL 1180) (TLGC(I,J),I=i,3)
WRITE (LACFIL,1180) EXCLGC3 :43 CONTINUE

* add viscous/bi2.gekee). eddy damping

DO 40 IA=i,NRANG
TLGC(2,2) = CTEMP + II*T44T(IA)
CALL SOLVE (3,TLGC,EXCLGC,MOTLG,UL,IP,IPRIN)

IF (IR.EQ.7) WRITE (LACFIL) MOTLGI * IF (IH.EQ.7) WRITE (LACFIL,1180) NOTLG

CALL RVSLAT (VCG NOTLG,MOTL(1,IW,IA))
IF (ICLIP .EQ. 05 GO TO 40U ~IF (OHEGAE (1W) .GE. 0.20) GO TO 40
CALL CLIP (YLIM MOTL(I IW IA) NOTL(1 IW IA))
CALL CLIP (PSILI-M,MOTL(.t3,iw:IA).MOTL(3pW..IA))

40 CONTINUE
S0 CONTINUE

WRITE (ORGFIL) VK(IV),HDNG,OMEGAE
IF (VRT) WRITEI(ORGFIL) MOTV
IF (LAT) WRITE (ORGFIL) NOTL
IF (ADDRES) WRITE CORGFIL) HJV,HJL,H7

200 CONTINUE

300 CONTINUE

CLOSE (UNIT=COFFIL)
CLOSE (UNIT=ORGFIL)
.CLOSE (UNIT=LACFIL)

CLOSE (UNIT=LAEFIL)

RETURN
ENDI ~ ~~C DECK EXFOR p 04C,!iCE~' Y,3 HL3 F~3

3 * calculates exciting forces and corresponding loads data
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COMMON /CH3D/ ISIGMA,SIGMINSIGMAX,V,SINMU,COSMU,WTSI,N
2 INMIN ,IMMAX ,IMDEL ,LMIN ,LNAX
REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)
INTEGER ISIGMA ,IMMIN ,IMMAX ,IMDEL, LMIN ,LMAX3

COMMON /GEON/ X,NSTATN,Y,Z,NOWSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM.NEBLA,KPITCH,KRoLL,KYAW,KyAWRL,AWP,VCB,FBDX,FBDY,
2 FBDZ,NFREBD.XPT,YPT.ZPT.NPTS,LCB,GML,,ASTAT.HSTATTITLE,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX ,WSURF ,GIRTH ,FBDZV ,DBLWL ,TLCBU

INTEGER NSTATN ,NOFSET(25) ,NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(10,25),Z(10,25),PBDZV(8,1O),LPP,BEAM,DBLWL,TLCB,

2 DRAFTLCFVCGGM DELGMNEBLAKPITCHKROLL KYAWKYAWRL,AWP,VCS,
2 FBD(i0) FHDY(105,FBDZ(10),XPT(10),YPT(105,ZPT(10).LCB,GML,I

4 ASTAT(255 ,BSTAT(25).MASS,DISPLM,IPITCH,IROLL,IYAW,
5 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLLAREAMX,WSURF,GIRTH(25)

COMMON /PELEN/ PELEM
COMPLEX PELEN(4,1000)U

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADOEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF,GNUS,GNUF,FTMETR,PtTNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)I
REAL TPI,PIPIOT,DEGRAD,KADUEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,

1 RHDP,GNUS,GNUF,FIMETR

COMMON /STATE/ LAT ,VRT ,LOADS ,ADDRES ,SALT,HEAD ,EXROLL ,BKEELI
LOGICAL LAT,VRT ,LOADS,ADDRES ,SAL.T,I{EAD ,17XLOLL,SKEEL

COMMON /WGHTS/ WTDLNORM
REAL WTDL(10,25),NORM(4,1O,25)

REAL NORM2,NURM3I
COMPLEX TEMP
INTEGER PSTORE
COMPLEX CIV(28.3),CIL(25,3).ELEMKS(4,25)
COMPLEX CT(3)I
COMPLEX HTV(25,3) HTL(25,3),HT7(26),HT(3),HT3,HT2
COMPLEX P1112D(4) ,FXV(3) ,YXL(3) ,HJV(3) ,HJL(3) ,17
COMPLEX CEP,F3(25),H.9(25),TF3,TH3

EXTERNAL EXP

TEST=0. 005*TPI/LPP
W OMEGA
UN rW*W/GRAV
ARGLI =- WN*COSMUI
IF (ABS(ARGLI) .LE. TEST) AROLI =0.
PSTORE= 1
DO 1 K=1,NSTATN
NNODE=NOFSET(K)
DO 10 I=1,3U

IF (.NOT. ADORES) GO TO 100
HTV K,I)=(0,,0.)
HTL(K,I)=(0.,0.)U

100 CONTINUE
10 CONTINUE

IF (.NOT. LOADS) GO TO 2103

210 CONTINUE
IF (ADORES) HT7W(K)(.,O.)
IF (NNODE.L.T.2) GO TO 1
DO 2 .J=1,NNODEtr

DO 9 IM=IMMIN,IMMAX,IMDEL
TEMP=(0.0,0.0)
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DO 19 1=1,4
TENP=TEMP+WTSI(I)*PELEM(I ,PSTORE)

19 CONTINUE
PSTORE=PSTORE+ 1
PH12D(IM)=TEMP

9 CONTINUE
ARG=WN*Y (J,K)*SINMU
CARG=COS (AR)
SARG=SIN (ARO)
NORM2=NORM(2 3 ,K)NORM3=NORM(3 .3 K)
IF (.NOT. VET) GO TO -3
TOD=NORM3*CARG-NORM2*SINMU*SARG
CT(1)=EKZ*(GRAV*NORM(1,J,K)*CARG4-II*W*TOD*PHI2D(1))
CT(2)=EKZ*(GRAV*NORM3*CARG+II*W*TOD*PHI2D(3))
IF (.NOT. LOADS) GO TO 220
TF3=EKZ*NORM3*CARG
TH3=EKZ*II*TOD*PHI2D(3)
F3(K)=F3(K)+WTDL,(J,K)*TFS
HS(K)=HS(K)+WTDL(J ,X)*T113

220 CONTINUE
IF' (.NOT. ADDEES) GO TO 90
HT3=-WN*TUD*PHI2D(3)
HT(1)=(II*W*NORN(1,3 ,K)*CARG-WN*TOD.P11120(1))*EKZ
NT (2) =(II*w*NORM3*CARG+Hr3)*EKz
NT (3)=HT(2)*X(K)-II*V/OMEGAE*HT3*EKZ

90 CONTINUE
CT(3)=-X(K)*CT(2)-W*V/OMEGAE*FJ{Z*TOD*PHI2D(3)
DO 4 1=1,3
CIV (KI)=CIV(K,I)+WTDL(J,K)*CT(I)
IF (ADDEES) NTV(K,I)=HTV(K,I)4WTDL(J,K)*HT(I)

4 CONTINUE
IF PADRES) HT7(K)=HT7(K)+II*WN*WTDL(3 .K)*P11120(3)*TOo*w/OMEGAE*

1 EXP WN*Z(1,K)/2.)
3 CONTINUE

IF (.NOT. LAT) GO TO C
TEV=NORN3*SARG+NORM2*SINMU*CARG
CT( 1)=EKz*(-II*GRAV*NORM2*sARG+w*TEV*pi{I20(2))
CT(2)=EKZ*(-II*GRAV*NORM(4,3,X)4cSARG+W*TEV*PHI2D(4))
IF (.NOT. ADORES) GO TO 30
RT2=-II*WN*TEV*PNI2D (2)
NT (1)= (-W*NORM2*SARG+HT2)*EKZ
NT (2) = (-W*NORM(4.3,K)*SARG'-II*WN*TEV*PHI2D(4))*ERZ
NTH 3)=HT(1)*X(K)+II*V/OMEGAE*HT2*EKZ

30 CONTINUE
CTC3)=X(K)*CT(i)-Ilu'W*V/OMEGAE*TEV*PHI2D(2)
DO 7 I=1,3
CIL (,I)=CIL(K,I)+WTDLCI,K)*CT(I)
IF (DORES) NTL(K,I)=HTL(K,I)+WTDL(3,K)*NT(I)U7 CONTINUE
IF (ADDEES) NTT(K)=HT7(K)+II*WN*SINMU*WTDL(3,K)*PNI2D(2)*TEV*W*

2 OMEGAE*EXP(WN*Zi(1,K)/2.)
6 CONTINUE
2CONTINUE

IF (.NOT. LOADS) GO TO 230

* sectional iroude-kriloff "force", f3 w/o cexp(-ii*k*x*cos(mu))3 F3(K)=2*GRAV*F3CK)

* sectional diffraction "force" ,h3i w/o cexp(-ii*k*x*cos(mu))

N3(K)=2*W*H3(K)
230 CONTINUE
1 CONTINUE

IF (.NOT. VET) GO TO 11
DO 13 I=1,3
CALL CPFIT (X CIvU1 I),ELENSNSTATN)
CALL CPINTG (x(1),xtNSiATN),X,NsTATN,ELEMS,ARGLI,FXV(I))

3F(NT DRS GO TO 130
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CALL CPFIT (X wrv(aI) ,ELEMS,NSTATN)I

CALL CPINTG (X(1),X(NSTATN),X,NSTATN,ELEMS,ARGLI,nJv(fl)
130 CONTINUE
13 CONTINUE
11 CONTINUE

IF (.NOT. LA?) GO TO 12I
DO 14 1=1,3ý
CALL CPFIT (X,CIL(1,I),ELEMS,NSTATN)
CALL CPINTG (X(1),X(NSTATN),XNSTATN,ELEMS,ARGLI,FXL(I))
FXL(I)=2. 0*RHO*FXL(I)
IF (.NOT. ADDRES) GO TO 140I
CALL CPFIT (XHTL( 1I) ,ELEMS.NSTATN)
CALL CPINTG (X(1¾1(ýNSTATN),XPNSTATN,ELEMSARGLI,HJL(I))

140 CONTINUE
14 CONTINUE
12 CONTINUEI

IF (ADORES) CALL CPFIT (X,HT7,ELEMS,NSTATN)
IF (ADRES) CALL CPINTG (X(l) ,X(lJSTATN) ,X,NSTATN,ELEMS,0.,.17)

RETURN
END1

C DECK EXP
FUNCTION EXP(I)

*avoid undert low with F77L EXP routineI

IF(X.LT. (-5O))THEN
EXP=0.

ELSE EXP=DXP(I
ENDIF

RETURN

ENDI
C DECK EXPINT

SUBROUTINE EXPINT (X,Y,E,C,S,RA,RB,CIN,SON)

* this subroutine computes the frequency-dependent part(principal-3
* value integral) of a pulsating source in or below free surface
* which can be expressed in" terms of exponential integral.

DIMENSION F(S) .0(5)3

EXTERNAL EXP

DATA (F(I),I=1,S)/O.s2i76S61,o.398666s1,O.o759424S,
1 0.003611768,0.000023369972/
DATA (D(I).I=1.5)/0.26386032,i.4134031.3.5964258,

1 7.08581,12.640801/
DATA Q, GAMMA / 3.141592R535897; 0.57721666490153/
DATA TESTS,TEST6,TEST7,TEST8 /1.E-O5,i.E-O6,1.E-0'7,1.E-08/

AT=ATAN2(X ,Y)I
ARG=AT-0 . *Q
IF(Y.GT.50) THEN

E=0.
ELSEI
E=EXPC-Y)

ENDIF
C=COS CX)
S=SIN (I)
R=X**2+Y**2I
A-Y.SAOGR

B=-X
I A .GE. 0.0) GO TO 78
IFB .EQ. 0.0) GO TO 79I

78 IF GE. ioo.) GO TO 10
(ý0 TEST = TEST6

IF (R .LT. 4.0) TEST TEST7
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IF (i .LT. 2.0) TEST =TEST6
IF (R .LT. 1.0) TEST =TESTS
SUMC=GAMMA+AL+Y
SUNS=AT+X
TC=Y
TS=X
DO 1 K=1,50O
TO =TIC
COInK
CAY=K+ 1I FACT=COX/CAY**2
TC=FACT* (Y*TC-X*TS)
TS=FACT (Y*TStX*TO)
SUMC=SUMC+TC
SUMS:SUMS+TSU ~IF (K .GE. 500) GO TO 3
IF ((ABS(TC)+ABS(TS)) .GT. TEST) GO TO 1

3 CIN=E*(C*SUMC4S*SUMS)
SON =E* (S*SUMC-c*sUMS)U GO TO 4

1 CONTINUE
10 G1=0.

G2=0.
DO 20 1=1,5
DEN= -y+D(I))**2+X**2I ~GA=F I )*(-Y+D(I))/DEN
GB=F I)*(-X)/DEN
1G1=G+GA

20 G2=G2+GBU CIN=E*Q*S-G1
SON=-(E*Q*S+G2)

4 RA=AL-CIN
RB =ARG+ SON3 RETURN
END

C DECK FETCH
SUBROUTINE FETCH (IRESp IVK,ITO.DATA,RMIOX,SPINDX,TOINDX,NDATA,

2 LRMIDX ,NVK,NTMOD,RMSFIL
INTEGER RMSFIL
DIMENSION DATA(NDATA) ,RMIDX(LRMIDX),SPINDX(NVK+1) ,TOIIDX(NTMOD+1)U * change for VAX/VMS version

"* CDC CALL READMS (RMSFIL,SPINDXNSPIND IRESP)
"* CDC CALL STINDX (RNSFIL,SPINDXNSPINDS
"* CDC CALL READMS (RMSFIL.TOINDI,NTOIND IVK)
"* CDC CALL STINDI (RNSFIL,TOINDX,NTOINDSI* CDC CALL READNS (RMSFIL,DATA,NOATA,ITO)
"* CDC CALL STINDX (RMSFIL,SPINDX,NSPIND)
"* CDC CALL. STINDI (ENSFIL, RMIDX FLRMIDX)

INDEX = NTMOD * NVh * (IRESP - 2) + NTMOD *(IVK 1) +ITO + 3

READ (RMSFIL.REC=INDEX) DATA

RETURNU END
C DECK FIGlO

FUNCTION FIG10 (GDD)

§eneatesfunction of figure 10 of TANAKA,
* OE IKI V. 109, 1961

DIMENSION GKDB(6) ,RFORE(6)I ~GKDB (i)=1.2
GKDB 2 =1.4
UflULJ\0JA C~3 GKDB(4)=1.8
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OKOB() =2.03
C1{DB(6) =2.05
RFORE(1)=1 .0
RTORE(2) =0.6
RFORE (3) =0.34
RFORE 4 015STORE4SB) 0.0
EFORE (6) =0.0
IF (G05-2.05) 22,23,23

23 CONTINUE
RBIL=0.O
GO TO 24

22 CONTINUE
DO 25 J=2,6
ITEMP = J
IF (GDB-GKDB(J)) 26,26,25U

25 CONTINUE
26 CONTINUE

J = ITEMP
RBIL=(RFORE(3)-RFORE(3-1) )/(GKDB(3)-GKDB(3--1) )*(GDB-GKDB(J-1))3

2 +RFORE(J-1)
24 CONTINUE

FIG 1ORBIL

RETURNI

C DECK FIGil
FUNCTION FIG11 (BOG)

DIMENSION BAFT(S) .CAFT(5)I

* eneratem function of figure 11 of TANAKA,
* .OSEN KIOKAI, V. 109, U96i

BAFT(1 )=1,0
BAFTl2) =1.25
BAFT(3 )=1.5
BAFT (4) =2.0
BAFT 8 =2.25U
CAFT (1)=0.22
CAFT (2)=0.24
CAFT 3)=0,3

CArT(S) =0.63U
DO 33 3=2,5
ITEMP = J
IF (BDG-BAFT(3)) 34,34,33

33 CONTINUE
34 CONTINUEI

J = ITEMP
FIG11=(CAFT(3 ) CAFT(3-1)/(ATJ-F(-1)
+(BDG-BAFT(J-f-1))+CAFT(J.-1

RETURNI

C DECK FIG56
FUNCTION FIOSO (TBM,BDG)3

* enera tea function of figures 5 and 6 of TANAKA,
* JZOSEN KIOKAI, VOL. 109 , 1961

DIMENSION Fi(IS) ,BDKG(15)5

IF (THM-0.i746) 3,3,4
a CONTINUE

Fl (1)=0.455
Fl (3 =0.52U
Fl (2 =0.52
ri(4)=0.35
F1(5)=0.62 5



3 CO TO S
4 CONTINUE

IF (TUN-0.2618) 6,6,7
6 CONTINUE

FACz(THN-O.1745)/(0.2618-0. 1745)
Fl 1 = 0.32-0.455)*FA040.455
Fl 2 0 .34-0.52)vFAC+0.52
Fl 3)= 0.29-0.42)*FAC+0.42
Fl (4);:(0.31-0.35) *FAC+0.35
Fl(S) = (0.48-0.52) 'FAC+0.52I GO TO 6

7 CONTINUE
IF (THM-0.3491) 8,9,9

8 CONTINUEU ~FAC=(THN-0 .2618)/(0. 3491-0 .2618)
Fl(2)=(0.503)*FC03

(I3) (0.22-0.29) *FAC+0.29
Fl (4) = (0.25-0.31) *FAC+0.3lI FI(5)=(O.45-0.48)*FAC+0.48
GO TO S

9 CONTINUE

FIl ~ 0.223 PIW4=0.28

Fl (6)=0.63U~Fl 7) =0.28
Fl \8)=0.4S

Fl (9 =0.53

Fl (10M .43
Fl It1 =0.36
Fl (12=03

DO 1 1=1,5

DO 2 1=7,13
BDKG(I)=0 .S+0.5*(I-7)

2CONTINUE
nO 27 J=2,13I ITEMP = 3
IF (BDG-BDKC(3)) 28,28.27

27 CONTINUE
28 CONTINUE

J3 ITEMP
FONE=(F1(J)-FI(3--i))/(DBDKO(J)-BDKG(J-1))*(BDG-BDKG(J-1))+F1(J-1)

RETURN
END

CDECK FIG7

FUNCTION FICT (THH)fiue7oTAK,

generates function o iue7o AAA
JZOSEN KIOKAI, VOL. 10 , 1961

IF (THN-0.0873) 10,10,11
10 CONTINUEI AEX 10.6

GO TO 12
11 CONTINUE

IF (THN-O.1745) 13,13,14
13 CONTINUE3 ~AEX=(7.66-1O.6)/(0. 1745-O.0873)*(THM-0.0873)+10.6

GOu 70 i2
14 CONTINUE3 IF (THN-0.2618) 15,15,16
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15 CONTINUEI

AEX=(6.34-7.66)/(O.2618-O.1745)*(THN-0.1745)+7.66
GO TO 12

16 CONTINUE
AEXin(8.28.-6.34)/(O.3491-O.2618)*(THM-O.2618)+6.34

12 CONTINUEI

RETURN
END

C DECK FIGS
FUNCTION FIGB(RnDDPALF)

enertes function of figure 8 of tanaka,
.ZOSED KIOKAI, V . 100, 1961I

DIMENSION ALF2(.) ,F2(8)

ALF2 ()=.
ALF2 (2) =0.0873
ALF2 (3) =0.1745
ALF2 (4) =0.3491
ALF2 (5)=0.5235
F2 (1 ii.I
IF (ROD) 44,44,45

44 CONTINUE
2) =0.855

F2 3 =0.766
F2(S>0 .646
F2(5)4=0.642
GO TO 46

45 CONTINUE
IF (RDD-0.0571) 47,47,48

47 CONTINUE
3 ý2=ý0.670-0.7653/.51RD+.5

F2 3 2) 0.6745-0.785) /0.0571*RDD+0.B55
F24 = 0.745-0.682 /0.0571*RDD+0.682

F2(S)=(0.915-0.646)/0.0571*RDD+0.646
GO TO 46U

48 CONTINUE
IF (RDD-0.1142) 49,49,50

49 CONTINUE
F2 M2=.74

F23 0.O72-0.670 )/(0.1142-0.0571 * RDD-0.0571 ) 0.67I
F24 =0.89-0.745 / 0.1142-0.0571 * RDD-O0.071 +0.745

F2C6)=(1.34-0.916 / o.1142-O.oS71nsRDD-0.o571)+0.91s
GO TO 46

50 CONTINUE3
IF (RDD-0.1713) 51,61,82

51 CONTINUE
F2 (2) (0.70-0.74)/(0.1713-0.1142)*(RflD-0.1142)+0.74
F2 (3) =0.72

(24)= i,20-0.89)/(0.1713-0.1142)*(RDD-0.1142)+O.89
F2(5)= 1.94-1.34)/(0.1713-0. 1142)*(RDD-0. 1142)+1 .34
GO To 46

82 CONTINUE

F2 3 =0.723
F2 64=1.9

46 CONTINUE
DO 83 J=2,5
ITEMP = J1
IF (ALF-ALF2(3)) 84,54,53

53 CONTINUE
54 CONTINUE

3 = ITEMP

F2ALF=(F2(3)-F2(3J-1) )/(ALF2(J)-ALF2(3-i))*(ALF-ALF2(J-i) )+F2(J-1)U
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END

C DECK FINTSP
SUBROUTINE FlNTSP (OMEGAE)

COMMON /C113D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMUWTSI,
2 IMMIN,IMMAX,lMDEL,LMIN,LMAX

REAL SIGMINSIGMAX,V,SINMU,COS'NU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDELLMIN,LMAX

COMMON /ENVIOR/ VK,NVK,MU,Nmu,flMEGANOMEGA,SIGMA,NSIGMA,SIGWH,

INTEGER NV= 1 OEGSGANIGHNMDNRN.NU

NSIGMX = NSIGMA - 1
DO 10 IS=1,NSIGMX
IF (OMEGAE .LT. SrGMA(IS)) GO TO 20
!SIGMA =IS

10 CONTINUE
20 CONTINUE

SIGMIN = SIGMA(ISIGMA)I SIGMAX =SIGMA(ISIGMA+l)
Xi OMEGAE -SIGMIN
X2 = SIGMAX - OMEGAE
XX =SIGMAX - SIGMIN
WTSI (1) = X2/XX
WTSI (2)= (X2*X2/XX - XX)*X2/6.0
WTSI 3)= lX
WTSI 4) = (X1*X1/XX - XX)*X1/6.O

RETURNI END
C DECK FNEDDY

SUBROUTINE FNEDDYU ~COMMON /APPEND/ NBKSET NBKSTN(2) ,BKIMAG(2) .BKFS(2) ,BKAS(2),
2 RKWD(2),BKSTN(1O,2),BKHB(10,2).BKLNTH BKVDTH,
2 BKWL(10 2) BKAN(10,2),NSKSET SKIMAG(2S.SKFLS(2),SKALS(2),
2 SKAUS(25..SKHE(2) SKFLWL(2),SkALWL(2).SKAUWL(2),NRDSET.flDiMAG(2)
2 RDRFS (2) IRDRAS(25 RDRLH132),RDRFWL(2),RDRAWL(2), RDTFS (2),RDTAS(2iI 2 RDTHB(2) RDTFWL(25 RDTAWL(2) NSBSET,SBIMAG(2),SOBRFS (2) SOHRAS(2$
2,SlOBRHB (25SDBRFW(2ý ,SOHRAW(2LSIBRFS(2) SIBRAS(2),SIBRHB(2),
2 SIBRFW(2) ,SIBRAW(2) ,SBTFS(2),SBTAS(2),SBTHB(2).SBTFUL(2),
2 SBTAWL (2) ,NFNSET,FNIMAG(2),FNRrS(2) FNRAS(2),
2FNRHB(2) FNRFWL(2) FNRAWL(2),FNTFS(2) FNTAS(2) PFNTHB(2),
2 FNTFWL(25 PFNTAWL(25 ,NEXPRD.ENRDO(B) , ENRDS(8)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAXVSINMU,COSMU,VTS'I,
2 IMMIN ,IMMAX, INDEL ,LMI , LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)
INTEGER ISIGMAIMMIN PIMMAX,IMDEL,LMIN.LMAX

COMMON /ENVIOR/ VK.NVK,MU,NMU,OMEGA,NOMEGA,SIGMA.NSIGMA,SIGWH,
1 NSIGWHITMODAL,NTMODPNRANG.RANG.RLANGS,WNNU.FRNUM.VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH.NTMOD,NRLANG,NNMU(8)
REAL VK(8),MU(37,8) OMEGA(30),SIGMA(1O) SIGWH(4),TMODAL(8),

2 RANG(8 ), RLANG (8),S(i0,8),FRNUM(8),VFS(85

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RAIDDEG,VKMETR,I4ETRVK,GýRAV,
2 RHO ,GNU ,RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS ,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RIIOS,

1 RHOF,GMUS,GNUF,FTMETR

cOmmoN /RLDBK/ PSUR(2S) .BMK(2S),DK(25),CAK(25),HQ,HSPAN,EMNCHD,
2 HAREA HXCP,HYCP HZCP,HGAMMA HYHAT HEAR HLCS,RLJY2) ,X~Alfd2),3 2MC62,AEý)PC()AC(2,Zý2,GKA2,YA()



2 REAR(2),RLCSf2 ,SQ(2¾ SSPAN(2),SMNCHD(2),S AREA(2) sXCP(2).
2 SYCP(2) SZCP(2 ,SGAMAi(2),SYHAT(2) SEAR(-)) SLCS(tý BQ(2),
2BSpAN('25,BNNCHD(2).BAREA(2s),EXCP(2S,BYC.P(2S,EZCP(2

5.BGANMA(2).
2BYHATr(2),BEARL(2),BLCSk2!),FQ(2),FSPAN(2),FMNCHD(

2 ) FAREA(2),
2 FXCP(2) ,FYCP(2) ,PZCP(2) ,FGANMA(2) ,FYHAT(2) ,FEAR(21 .FLCS(21).

2 pQ(2,2),PSPAN(2,2),PMNCHD(2,2),PAREAC2 2) PXCP(2 ; 2) PYCP(2.2),

2 STADN'Ptl0S,SHPDMP(iO,8).ENCON,WPHI.TPHIWMELM(4.PiSýELM(4,9,8),
2 REELM(4,9,8),PEELN(4,9,8¾PFEELN(4.,8E) ,HEE-LN(4,9,8),BEELM(4,9,8),
2 ENWMENSF(8.OLENRE(8¾,ENPE(B),ENFE(8).ENHE(8),ENIBE(B),
2 ENEMV(8,8).ENRL(8L.ENPL(8),ENFL(8),ENHL(8).ENsL(8i.ENBL(8),
2 E'NSHP(8 8) RELN(4,g),ITS(25).RD(2-5),EDDY(8p2-5),RGB(2-5)

REAL RDHLK26Q2)
EQUIVALENCE (PSUR(1) ,RDBLK(1))

DO 20 1A1I,NRANG
ENFE(IA) = 0
DO 10 IS=1.NSIGMA
SHPDMP(IS,IA) = 0

10 CONTINUEI
20 CONTINUE

IF' (NFNSET EQ. 0) GO TO 100
DO SO K=1.NFNSET
YHAT -sQRT(FYCP(K)*rYCP(K) + FZCP(K)*FZCP(K))
GAMMAE =FGANMA K)+ 1.I
ALF = ATAN( ABS ((FYCP(K)/'FZCP(K)) + TAN(GAMMAE*DEGRAD))/(1.-

2 (FYCP(K)/FZCP(K))*TAN(CAMNAE*DE-GRAD)) ) )
C =0.0065 + (FLCS(x)*FLCS(K))/(0.9*PI*FEAR(K))
CON =FQ(K)*4./(3.*PI)*RHO*Y1{AThL*3*FAREA(K)*C*SIN(ALF)
DO 30 IS=1,NSINGAI
DO 40 IA=1,NRANGA
SHPDMP(IS,IA) = SHPDMP(1S,IA) + (CoN*SIGMA(IS)*RANG(IA))*

2 SIGNA(IS)
30 CONTINUE
40 CONTINUEI
40 CONTINUE

DO 60 1A1.,NRANG
CALL SPFIT (SIGMA,SHPDMP(i,IA),FEELM(1,I.IA),NSIGMA)
ENFE(lA) = ENCON*REVAL(FEELM(1,ISIGMA,IA) 1WTSI)

100 CONTINUEU
600 CONTINUE

RETURN
END

C DECK FNLIFTU
SUBROUTINE FULIFT

COMMON /APPEND/ NBKSET,NBKSTN(2) .BKIMAC(2) ,BKFS(2) .BKAS(2),

2 BEWO (2),BKSTNC1O,2).BKHB(1O 2) BKLNTH BKWDTH

2 SKAUS 2j*SKUB(2) SKFLWL 2\ý,SKALWL(21SKAUWLQY)NROSET.RflMAG(2).
2 RfFS2 .RDRAS(25 RDRHB (2) RDRFWL(25' ,DAWL(2) ,RDTFS~t ,RDTAS(2)

2 ROT ,RDTFWL(21 RDTAWL(2) NSBSET,SBIMAG(2),SOBRFS(2,SOBRAS(2
5

2,SOBRHB 2ý *SOBRFW(2 ,SOBRAW(25,SIBRFS(2),SIBRAS(2),SIURHB(2),
2 SIBRFW 2 ,SIBRAW(2)*SBTFS(2).SBTAS(2).SBTHB(2LSBTFWL(2),
2 SBTAWL 2 ,NFNSET,FNINAG(2),FiRFS(2) FNRAS(2),
2 FNRHB(2) FNRFWL(2) PNRAWL(2),FNTFS(2) ,FNTAS(2) ,FNTBB(2),

2 FNTFWL(25,FNTAWL('25,NEXPRfl,ENJWO(8) ,ENWRS(8)

COMMON /ENVIOR/ VK,NVK,NU.NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH.
I NSIGWH.TMDDAL,NTNOD.NRANG,RANG,RLANG,S,NNMU.FRNUMVFS
INTEGER WVNOEANINSG',TORN NU8

REAL VK(8),NU 37,8).OMEGA(30),SIGMA(10) SIGWH(4)LTMODAL(8),
2 RANG(8),RLANG 8)*s(3O,8),FRNUM(8),VFS(8S

COMMON /GEOM/ I.ISTATN.Y,Z,NOFSET.LPP,BEAN.DRAFT,LCF.
1 VCG,GM.DELGN,NEBLA,KPIT'CH,KROLL,KYAW.KYAWRL.AWP,VCBFBDXpFBDY 

3
2 FBDZ,NFREBD,XPTYPpT,ZPTNpTSLCB.GKLpASTAT,BSTATTITLEMASS,
2 DISPLM,IPITCH.IROLL,IYAW,IYAWRL,CHEAVE,CPlTCH,CHEAPICROLL,
2 A KEAMhAW t,~lf~tUVU~iC'I

INTEGER ESTATNPNOFSETC25) ,NFREBD,NPTS
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3 CHARACTER*4 TITLE(20)
REAL X(26).Y(1O,25),Z(10,26),FBDZV(8.10),LPP,BEAM.D!3LWL,TLCB,

2 ORArT,LCF,VCGCm DELGM,NEBLA,XPITCH,KRULLKVAW,KYAIJRL.AWP.VCB,
2 FBDX(1O) FBDY(IOS5,FBDZ(a0),XPT(10),YPT(10),ZPT(10),LCB.GML,
4 ASTAT(2S5,BSTAT(25),MASS,OISPLM,IPITCH.IROLL,IYAW,

& IYAWRL,CHEAVE,CPITCH.CHEAPICRoLL,AREAMX,WSURF,GXIRTH(2ý5)
COMMON /PHYSCO/ II ,TPI,PI ,P1OT.DEGRAD,RADDEG.VKMETRMETRVK,GRAV,

2 RHO,GNU*RMOS,RHUF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX III ~CHARACTER*4 PIJNITS(2)
REAL TPI.PI .PIOT.DEGRADRADDEG,VKMETR,METRVK.CRAV ,RHO,CNU,RHOS,

1 RHOF,GNUS,CNUF,r'TMETR

COMMON /RLDBK/ PSUR(2S),BMK(28),DK(25),CAK(2&),HQ.HSPANHMNCHU,
2 HAREA,HXCP,HYCP,HZCP.HGAMMAMYHAT BEARHLCS,RQ(2) .RSPAN(2),
2 RMNCHD(2),RAREA(2).flXCP(2),RYCP(25.ýRZCP(2),RGAMMA(2),RYIIAT(2),
2 REAR( 2),RLCS 2),SQ(2),SSPAN(2),SMNCHD(2),SARFA(2) SXGP(2),
2 SYCP C2),SZCP 2,SGAMMA(2).SYXAT(2) SEAR(2),SLCS(25,BQ(2),
2 BS3PAN(2 ,BMNCHD(2).BAREA(ý2)BXCP(2$,BYCP(2),BZCP(2),BGAMNA(2),
2BYHAT2) ,BEAR(2),BLCS(2),FQ(2).FSPAN(2),FMNCHD(2) FAREA(2

2 FXCP(2).FYCP(2),FZCP(2),FGAMMA(2),FYHAT(2),PEAR(23 ,FLCS(2ý
2 PQ(2,2),PSPAN(2,2),PMNCHD(2 "2),PAREA(2,2),FXCP(2,2),PYCP(212-),
2 PZCP(2,2),PGAMMP.(2.2).PYHATt2,2),PEAR(i2,2,PLCS(2,2),I2 STADMP(1O).SHPDMP(1O,B),ENCON,WPHI,TPHIl,WMELM(4,9) SFELM(4.9.6)
2 REELM(4,9,8) ,PEELM(4,9,8),FEELM(4,9, 8.HEELM(4,9,8SJ3EELM(4,9,8S,
2 ENWM,ENSP(8,8),ENRE(8),ENPE(6),ENFE(8) .ENHE\8 ),ENBE(s),
2 ENEMV(8,8) ,ENRL (8),ENPL(8),ENFL(8) ENHL(8) ENSL(8),ENBL(5),
2 ENSHP(6 8) RELM (49) ITS(25').RD (2&S,EDDY(B,2S&),RCB(25)

REAL RDBLK2602)
EQUIVALENCE (PSUR(1) .RDBLK(1))

REAL LCS,MCHORDI ~IF (NFNSET .EQ. 0) GO TO 20
EN = 0
STASPC =LPP/" 20
DO 10 Kz1,NFNSET
XRTF = LCB - FNRFS K)*STASPCU IXRTA = LOB - FNRAS (K) *STASPC
XTPF =LCB - FNTPS K *STASPC
XTPA =LCD - FNTAS(K)*STASPC
YRT = FNRHB(K)
YTP = FNTHB(K)
ZRT = (FNRPWLK + FIRAWKW - DBLWL4VCG)
ZTP = FNTPWL K+ FNTAWLK/ - DBLWL+VCG)
SPAN = SQRT((ZRT-ZTP)**2 + (YTP-YRT)**2)

CR =XRTF - XT
CT cITPF - ITPA
XRQC XRTP - 0.26*CR
XTQ'C XTPF - 0.2&*CT£ DX X RQC - XTQC
H =SQRLT(DX*DI + SPAN*SPAN)
COSLAM =SPAN/H
SECLAM2 = ./(COSLAN*COSLAM)

3* LAN -= SSPWH
c quarter chord sweep angle in radians

araREA =SPAN*MCBORD

* center ot pressure

ZP =0.,6* ZET + ZTP)
YP = 0.6* YRT + YTP)
X0 = 0.6*iXTF + ITPF)

XC 0- Vt .2stUOLDf

* 63



zCP = EP

* moment arm

ARC = (ZRT-ZTP) / SPAN
GAMMA = - 90I
IF (ARO .LT. 1) GAMMA =-ASIN(ARG)*RADDEG
GAM =GANMA*DEGRAD
YHAT =YCP*COS(GAM) + ZCP*SIN(GAM)

* effective aspect ratio

EAR = 2*SPAN/MCBORD

* lift curve slope

LCS =i.8*PI*EAR/(COSLAM*SQRT((EAR*SECLAM2)**2 + 4) + 1.8)
FQ(K) Q
FSPAN(K) = SPAN
FMNCHD(K) = MCRORD
FAREA(Y.) = AREAI
FXCP(K) =XCP
FYCPM K YCP
FZGP K =ZOP
FGAMMA(KW GAMMAI
FYHAT(K) =YEAT
FEAR(K) =EAR
FLCS(K) = LCS
EN =EN +- Q*(RRiO/2)*AREA*LCSSYHAT*YHAT*WPHI*ENCON

10 CONTINUE I
20 CONTINUE

DO 30 IV=1,NVK
ENFL(IV) =0
IF (NFNSET GT. 0) ENFL(IV) =EN*VFS(IV)

30 CONTINUEU

RETURN
END

C DECK FNRAO3
SUBROUTINE FNRAO (IV,NLNUIMOTLS RAO, PHS,NMOT,NOMEGA, OMEGAE, IPHS)

COMMON /FINCON/ IACTFN,IFCLCS,FGAIN(8) ,F-KCý),FA(3),Fa(s),
2 FCLCS(8.2)

COMMON /PHYSCO/ II ,TPI ,PI ,PIOT,DEGRAD .RADDEG,VKMETR.NETRVK ,GRAV,
2 RHO,CNU,RHOSPRHOF,GNUS,GNUFIFTMETR,PUNITS,REYSCL

COMPL.EX 11
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK)GRAVIRRO,GNU,RHOS,I

1 RHOF,GNUS ,GNUF ,PTMETR

COMPLEX FGC,MOTL( NMOT,NOMEGA) ,BETAROLL

DIMENSION OMEGAE (NOMEGA) .RAO(NOMEGA) ,PIIS(NOMEGA)

DO 10 I=NL,NU
ROLL = MOTL(2 I)*RADDEG
OMGE = OMEGAE(I)
OMGE2 = OMGE*OMGEU
FGCC ((FK (1)-OMGE2*FK(3))1-114'MGE*FK(2))/(((FA(i) -OMGE2*FA(3))+

2 II*OMGE*FA(2))*CCFB(1)-OMGE2*FB(3))1-II*OMGE*FB(2)))
BETA = FGAIN (I)*FGC*ROLL
CALL RAOPBA (BETA,RAO(I) ,PHS(I) PRADDEGIPUS)

10 CONTINUE
RETURN
END

CDECK FTWOU
FUNCTION PTWO (K,TLOCAL,RD)

COMMON /GEOM/ X,NSTATN,Y,Z,EOFSET,LPP,BEAM,DRAFT,LCF,3
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3 I VCG,GM,DELGM,NEBLA,KPITCH,XROLL,KYAW,KYAWRL,AWP,VCB,FPDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,NASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCII,CHEAPI ,CROLL,
2 AREAMK,WSURF,GIRTH,FBDZV,DELWL,TLCB
INTEGER NSTATN.NOFSET(25) ,NFREBD,NPTSU CHARACTER*4 TITLE(20)
REAL x(25),Y(10,25),Z(lO,25),FBDZV(8,1O),LPP,BEAM,DBLWL,TLCB,

2 DRAFTLCFVCG GM DETOMNEBLA,KPITCH,XROLL KYAWKYAWRL,AWP,VCB,
2 FBDX6i0) FBDYUlOS,FBDZt1O)IXPT(1O),YPT(105,ZPT(1O).LCB,GNL,
4 ASTAT'(251,BSTAT(25),MASS,DISPLM,IPITCH.IROLL,IYAW.

5 IYAWRL,CHEAVE,CPITCH,CNEAPI,CROLL,AREAMX,WSURF,GIRTH(25)
NNOOES=NOFSET(K)
FTWOl .0U IF ((Y(NNODES-l,K)--Y(NNODES K ).GE.o.) RETURN

B=Y(NNODES,K)-Y(NNODES-1,k) /(-Z(NNODES-l,K))
ALF=ATAN (BR)
RODD= RD IABS(TLOCAL)
FTWO'FIGS(RDD ,ALF)

RETURN
END

C DECK IENOFS
SUBROUTINE GENOFS (BEAM,DRAFT,SECARE,NDFSET,HLFBTH,WTRLNE,

2 PI,DBLWL)

this routine genterates a set of offsets for evenly spaced angles
* from the beam, draft and sectional area coefficients of a station
* using the LEWISO form ma~pp*
* W.G.MEYERS, DTSNRDC, 080977

LEWIS FORM representation--
Z=Al * ZETA + A2 * ZETA**-l + A3 * ZETA**-3

* where ZETA is a complex mapping variable ýand A!, A2 and A3
* are coefficients.

* phi is an angle measured from the waterline down and is negative.

DIMENSION HLFBTH(NOFSET) ,WTRLNE(NOFSET)

HBEAM = EAM/2
AREA =SECARE*BEAM*DRAFT
A3 = - .25*(BBEAN+DRAFT) + .25*SQRT((HBEAM+DRAFT)**2 +

2 8* (HBEAM*DRAFT-2*AREA/PI))
A2 = .50* (UBEAM-DRAFT)
Al = .50* (HBEAN+D)RAF'T) - A3U DELPHI =(PI/2)f(NOFSET-1)
KOFSET = NOFSET + 1
DO 10 IOFSET=l,NOFSET
PHI = -(IOFSEI-i)*DELPHII OPSET =KOPSET -I
HLFBTH(KOFSET) CAl+A2)eCOS(PHI) + A3*COS(3*PHI)
WThLNE (KOFSET) (Al-A2)*SIN(PBI) - A3*SIN(3*PHI)
WTRLNE (KOFSET) WTRLNECKOFSET) + DBLWL

10 CONTINUE

RETURN
END

C DECK GRNFRQ
SUBROUTINE GRNFRQ CYS, ZS, NPT, SIGMA2, POTLOG, PTNLOG, CN, SN,

2 CTV, CTL, GREENV, GREENL)

* this subroutine provides the necessary input for the subroutine
: DPINT, and provides the entire expression of the pulsating source

which are stored in GREENVCI.3) for the symmetric flow(surge and
* heave) and in GREENL(I,3) f or the anti-symmetric flow(sway and
* roil) where

* *I = location of source
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*~ = location of the field point on the cross section3
* boundary

* the normal derivatives of the foregoing green functions are stored

* in CTV(I,3) and CTL(I,J) respectively.

COMMON /PHYSCO/ II,TPI,PI,PIO'r,DEGRAD,RADDEG,VKMETR,METRVK,CRAV,I
2 RHO,GNURHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL

COMPLEX II
CHARACTER*4 PIJN1TS(2)
REAL TPI.PI,PIOT,DEGRAD,RADDEG,VEMETR,METRVK,GRAV,RHU,GNU,RHiOS,

1 RHOF,GNtISGNUF,FTMETRI
COMMON /TWOD/ YY, ZZ, ENN, ISTA
INTEGER ZETA
REAL YY(10,28),ZZ(1O,25),ENN(4,10,25)

COMPLEX CTV(1O,1O), CTL(lO,10), GREENV(IO,10), GREENL(10,10)I
DIMENSION YS(11), ZS(I1)
DIMENSION POTLOG(2.10,10). PTNLOG(2,1O,IO), CN(1O), SN(iO)

DO 1 =I=,NPT
YR1 = SIGMA2*(YY(I,ISTA)-YS(1))
ZR1 = -SIGMA2*(ZZ(IISTA)+ZS(1))
YLI = SIGMA2*(YY(I,iS'fA)+YS(1))
ZL1 =ZR1
CALL EXPINT(YR1,ZR1,E31,CXR1,SXR1I,RAR1,RBRI,CR1,SR1)
CALL EXPINT(YL1,ZL1,EJ1,CXL1,SXL1,RAL1,RBL1,CL1,Sl1l)
DO 1 3=1,NPT
YR2 = SIGMA2*(YY(I,ISTA)-YS(J+I
ZR2 =-'SIGMA2*(Z2(I,ISTA)+ZS(3 I)
YL2 = SIGMA2*(YY(I,ISTA)+YS(J+I)
2L2 = ZR2
CALL EXPINT(YR2,2R2,232,CXR2,SXR2ý,RAP2,RBR2,CR2,SR2)
CALL EXPINT(YL2 ZL2 E32 CXL2PSXL2,RAL2,RBL2,CL2,5L2)
SIPJ =SNffI CN 3 +514 3*CCN i
CIPi CN I *014 3 -SN I *514 SN
51143 = I S~f*01(-S *014.1I)
01143 = 01(I) *014(3 -+514 (I)*SN(3
DPR =2.* (SIP3* (CRI-CR2) -CIPJ*(SR1-SR2 )
DPL = 2.* (0114* (SL1-SL2) -SIMJ*(CL1-CL2))PPR = 2./SIGMA2*(SN(3)*(RAR1-RAR2)+CN(3 *(RBRI-RBR2))
PPL = 2./SIGNA2* (SN(3)*(RALl-RAL2)+C1I(3)* (RBL2-RBL1))
DUR =TPI* (E32* (SXR2SCIPJ-CXR2*S1P3 )-EJ1* (SXR1*01P3-CXR1*SIPJ)
DWL = TPI* (EJ1* (SXL1*CIMJ-CXL1*SIMJ )-E32* SXL2*CIMJ-CXL2*SIKJ))
PWR = TPI/SIGHA2*(E31.(SKR1*CN(3)-CXR1*SN(J))-E32*(SXR2*CN(3)-I

2 CXF62*SNC3)))
PWL =TPI /SIGMA2*(E32*(SXL2*CN(3)+CXL2*SN(3))-

2 E31*(SXL1*CNC3)+CXL1*SN(3)))
OTY IiJ) = PTNLOG 1,I,J)+DPR+DPL-II*(DWR.+DWL)
CTLU IJ) = PTNLOG 2 I,3)+DPR-DPL-II*(DWR-DWL)
GREENV =13 POTLOG" :+PRPLI* W+W
GREENLHI(1,3) POTLOG (2,1 J3)+PPR-PPL-II* (WR-PWL)
IF (3-EPT) 2,1,1

2 'fRi = YR2
ZR1 = 2R2
CXR1 CXR2
SXRI = SXR2
RARI = RAR2
RERI = RBR2
CR1 = CR2
SRI =SR2
'fLI = YL2
ZLi = ZL2
JIi = E32

CXLI = CXL2
SXIl = SXL2
RALl RAL2
RELI = RBL2
CLI =CL2
SLI = 5L2

1CONTINUEF

66



3 RETURN
END

C DECK GRNLOG
SUBROUTINE GRNLOG (YS, ZS, UPT, POTL.OG, PTNLOG, CN, SN)

* thi~s subroutine computes the logarithm part of the pulsating
* source and its normal derivative, and are stored in,respectively,
* in POTLOG(M,I,J) and POTNLUG(M,I,3) where

* m=1 symmetric flow about the z-axis(surge and heave)
2 anti-symmetric flow(sway and roll)

* ilocation of source
* j~field-point location on cross-section boundaryI ~COMMON iPaYSCO/ II ,TPI ,PI ,PIOT,DEGRAD .RADDEG ,VKMETR,METRVK ,GRAV,
2 RHO,GNU,RHOS,RIIOP,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX 11
CBARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VEMETR,METRVK,GRAV,RHIO,GNU,RHOS,I 1 RHOF,GNUS ,GNUF ,FrMETR

COMMON /TWOD/ TY, ZZ, ENN, ISTA
INTEGER ISTA3 REAL YY(10,25),ZZ(10,25),ENN(4,10,25)

DIMENSION "15(11) , zs(n1)
DIMENSION POTLOG(2,1O,1O), PTNLQG(2,1O,10), CN(1O), SN(i0)

DO 15 I=i.NPT
SNffI -ENN(2,I,ISTA)

15 CNZI =ENN(3,I,ISTA)
DO 10 I=l,NPT
YMI = YY(I,ISTA) -ys(±)3ZM1 = ZZISA ZS;
ZP1 = ZZ (I, ISTAS 251)i
FFPR 0.S*AL.AG 1YM1C.2-+ZMI.*2)
FPL1 0.6*ALAG (YP1**2+ZMI**2)
FCR1 0.B*ALAG (M1**2+ZPI**2)
FCL1 = .B*ALAG(YP1**2+ZP1**2)
APRI =ATAN3(2M1,YM1)
APLI ATANS (ZM1,YPi)
ACM = ATAN3 (ZPi,YM1)U ACLI ATAN3 (ZP1,YP1)
DO 10 3=1,IPT
YM2 YY(,SA 1 S(+1)
ZM2 = U(ISTA - YZS (3+1)
YP2 =TY (I,ISTA) + YS (3+1)
ZP2 = ZZ(I,ISTA) + ZS (3+1)
APR2 = ATAN3(ZM2.YM2)
FPR2 = 0.&*ALAG (YM2**2+2M2*e2)
FCR2 = O.5*ALAG ýYM2'P*2+ZP2* 2)
FC2=06AA P*2Z2FPL2 =O.5*ALAG YP2**2+ZM2**2)
FCL = O.*AA +Y2*2Z2*2
IF (YM2 .GE. 0.) GO TO 4
IF (Ji .GT. I) GO TO 6U * below takes care of a concave top or a flat top
IF (ZM2 .LT. 0.) APR2 = APR2+TPI
GO TO S

* below takes care of a convex bottom or a flat bottom
6 IF (2M2 .GE. 0.) APR2 = APR2-TPI
& IF (2P2 .LT. 0.) GO TO 4

ACR2 = - 0.5*TPI
_GO TO 3 PY2

APL2 =ATAN3(ZM2'.YP2)
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SIN) = SN (*CN (3-SN( )*CN(ICIMJ CM (I *CN (3)+SN( I) *SN (J
SIPJ = SN (I *CN (3)+SY( 3) *CN (I)
CIpi CN(I)*CN(3)-SN(I)*SN(J)
DPNR =SIM3*(FPR1-FPR2)+CIMJ*(APRI-APR2)
DPNL =S1P3*(FPL2-FPL1 +CIPJ* APL2-APL1J
DCNR =SIPJ* FCR1-FCR2 +CIPJ* ACR1-ACR2
DCNL =SIM3*(FCL2-FCL1 +CIM3*(ACL2-ACL1
PTNLOG (1,1,3) = DPNR+DPNL-DCNR-DCNL
PTNLOG (2 1,3) =DPNR-DPNL-DCNR+DCNL
PPR =CN(3)*(YMI*FPR1-ZM1*APRi-YM1-YM2*FPR2+ZM2*APR2+YM2) +I

2 SN(J)*(ZM1*FPR1+yMX*APR1-zN1-zM2*rPR2-YM2*APR2+zM2)
PPL = CN(3)*(YP2*FPL2-zM2*APL2-YP2-YPI*FPL+Z.¶*APL1+YP1) +

2 SN(3)*(ZM1*FPL1+YP1*APL1+ZM2-ZM2*FPL2-YP2*APL2-ZM1)
PCR = CN(i)*(YM1*FCR1-ZP1*ACR1-YM1-YM2*FCR2+ZP2*ACR2+YM2)+

2 SN (j)* (2P2*FCR2+YM2*ACR2+ZP1-ZP1*FCR1--YM1*ACRI-ZP2)I
PCI. = cw(3)*(YP2*FCL2-zP2*ACL2-YP2-YP1*FcL1+ZP1*ACLI+YP1) +

2 511(3)*' (P2*FCL2÷YP2*ACL2-ZP2-ZP1'aFCL1-YP14'ACL1+ZP1)
POTLOG (1,1,3) =PPR+PPL-PCR--PCL
POTLOG(2,I,3) = PPR-PPL-PCR+PCL
IF (J-NPT) 475,10,101

475 YM1 = YM2
2111 = Z214
YP1 = YP2
ZPI = 2P2
FPR1 FPR2I
FPL1 = FPL2
FCRl = FCR2
FCL1 = FCL2
APR1 APR2U
AFLI = APL2
ACR1 ACR2
ACLI = ACL2

10 CONTINUE3

RETURN
END

C DECK ULEDDY
SUBROUTINE BLEDDYU

CALL SECTI
CALL TANAKA
CALL VISC

RETURNI
END

C DECK ELLIPT
SUBROUTINE HLLIFTI

COMMON /DATINP/ OPTN ,MOTN ,ESZFIL,VLACPR,RAOPRVRLDMPR,DISPLMT,
2 LRAOPR,ADRPR,ORGOPTN,GMNOM,KG,STATN(25),NSOFST(25),
2 NLEWF(25) BLFBTH(lo,25),WTRL.NE(1o,26) ,BLEWF(25) ,TLEWF(25),
2 AREALF (255 ,NPTLOCPTNUMB(10) ,PTNAME,XPTLOC(10) ,YPTLOC(10),
2 ZPTLOC (10) ,NBBFBNUMB(10).FBNAME,XPTFBD(10),YPTFBD(10),
2 ZPTFBD (10) ,FBC6DE(10),FBTYPE,RDOT(10) ,VKDESFNDES,
2 STATNM,STATIS

CHARACTER*4 PTNANE(8,1O) ,FBNANE(8,10) PSTATNM(5) ,FBTYPE(3,10)I
INTEGER OPTN ,MOTN,BSCFIL,YLACPR,RAOPR,ADRPR,RLDMPR,FBCODS,

2 FBNUMB ,PTNUMB ,ORGOPTN
REAL KG

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGKtA,SIGWH,U
I NSIGWB,TMODALNThOD,NRANG,RANG,RLANG,S,NNMU.FRNUM,VFS
INTEGER NVK,NMU,NOMEGANSIGMA,NSIGWH,NTMODDNRANG,NNMU(8)
REAL VK(8) ,MU(37,8) ,OMEGA(3O) ,SIGMA(iD) SIGWH(4) ,TXODAL(8),

2 RANC(8),RLANG(8),S(30,8).FRNUN(B),VFS(8S
COMMON /GEaM! X,NSTATE,Y,2,NOFSET,LPP-,BEAM,DRLAFT,LCF,

2 FBDZ ,NFREBD,XPT,YPT,ZPT,NPTS .LCB ,GML ,ASTAT,BSTAT ,TITLE,NASS,
2 DIPLM,IPITCH,IROLL,IYAW4IYAWRLL,CHEAVE,CPITCH,CHEAPI,CROLL,

68



2 AREAMI ,WSURF,GIRTH ,FBDZV DBLWL,TLCB
INTEGER NSTATN .NOFSET(28

5 ,NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25 ),Y(lO,28),Z(1O,25).FBDZV(B,10).LPP.BEAM,DBLWLTLCB,

2 DRAFTLCFVCGGM DELGM,NEBLA.KPITCHKROILL.KYAW,KYAWRL,AWP,VCE,
2 FEDXilO) FBDY(1O5,FBDZ(1O),XPT(10).YPT(1O),ZPT(1O),LCB,GML,
4 ASTAT(255,BSTAT(2SL.MASS,DISPLM,IPITCH,IROLL,IYAW,
5 IYAWRL,CHEAVE.CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTH(26)

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEGVKMETR.METRVK,GRAV,
2 RHO,GNU,RHOS.RI{OF,GNUS,GNUF,FTMETR,PUNITS.REYSCL

COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI.PI.PIOT,DEGRAD,RADDEG,VKMETR.METRVK,GRAV,RHO.GNU,RHOS.

1 RHOF,GNUS ,GNUF,FTMETh

COMMON /RLDBK/ PSUR(2SbBMK(25) ,DK(25),CAK(2SLHQ,HSPAN,HMNCHD,
2 HAREA,HXCP,HYCPIIZCPHGAMMAHYHAT HEAR,HLCS,RQ(2),RSPAN(2),
2 RMNCHD(2).RAREA(2),RXCP(2),RYCP(2S.RZCP(2LRGAMMA(2-),RYHAT(2).
2 REAR(2) *RLCS (2),SQ(2),SSPAN(2e),SMNCHD(2),SAREA(2) SXCP(2).
2 SYCP (2) SZCP (2) SGAMMA(2),SYHAT(2) SEAR(2) SLCS(25 BQ(2),
2 BSPAN(2S,EMNCHD(2),BAREA(2),BXCP(2$,BYCP(2

5 ,BZCP(21,BGAMMA(2),
2 BYHAT(2) .BEAR(2) ,BLCS(2) ,FQ(2) ,FSPAN(2) ,FMNCHD(2) FARFA(2).
2 FXCP(2) ,FYCP(2) ,FZCP(2) ,FGAMMA(2) ,FYHAT(2) ,FEAR(25 ,FLCS(2),
2 PQ(2,2),PSPAN(2,2),PMNCHD(2,2),PAREA(2,2) PXCP(2,2) PYCP(2,2),
2 PZCP(2,2) PGAMMA(2,2),PYHAT(2,2)LPEAR(2,2

5 ,PLCS(2 21,
2 STADMp(1O5,SHPDMP(10181),ENCON,WPHI,TPHI,WMELM(4,9$,SFELM(4.9,8),
2 REELM(4,9 8) PEELM(4,9,8),FEELM(4 9,8),,HEELM(4,9,8),EEELM(4.9,B),
2 ENWMENSFtR.8),ENRE(8),ENPE(S),ENFE(8) ENHE(8),ENBE(8)
2 ENEMV(8,8),ENRL(8) ENPL(8) ENFL(8) ENHL(8),ENSL(8),ENBL(8),
2 ENSHP(8 8) RELM(4,0).ITS(25).RD(255,EDDY(8,25).RGB(25)

REAL RDBLKL2EO2)
EQUIVALENCE (PSUR(i) ,RDBLK(1))

REAL LCS,MCHORD

Q =1
GAMMA -90

ORG =VCG + DRAFT
SPAN DRAFT
MCHORD = LPP

* area

AREA = SPAN*HCHORn

* center of pressure

SS 0
SP=0

DO & L=l,ISTATN
IF (L .EQ. 1) DX X1(2) X())/'2
IF (L .EQ. NSTATN) DX = (X(NSTATN) -X(NSTATN-1))/2

IF (L.GT.1 .AND. L.LT.NSTATN) DX =(X(L+i) - (L-1))/2
DX = ABSCDX)
IPT = NOFSETCL)
IF (NP? .LT. 2) GO TO S
T7 ABS(Z(1.L))
A - T*DX

SP= SP + A
SS = SS + X(L)*A

E CONTINUE
XCP =SS/SP
YCP =0.0
ZCP =0.0

* moment arm

GAM = GAMMA*DEGRAD
YHAT = YCP*COS(aAM) + ZCP*SIN(GAM)

* effective aspect ratio
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EAR = 2*SPAN/MCHORDI

* lift curve slope

LCS =(PI/2)*EAR3

ESPAN =SPAN
HMNCHD =MCHORD
HAREA =AREA
HYCP = YCPI
HXCP = ICP
HZCP =ZCP
EGAMMA GAMMA
HYHAT YhAT
HEAR = EAR
HEAR EARC
EN =Q*(RHO/2)*AREA*LCS*YHAT*YHAT*WPHI*ENCDN
DO 10 1V1I,NVK
E.NHL(IV) = EN*VFS(IV)

10 CONTINUE

RETURN
END

CDECK HSTATU

*HYDROSTATIC CALCULATIONS

* INPUTS
*W =( location of station k (distance 1wd of ap) in meters
* NSTATN = niumber of stations in x-array
* Y(J,K) = Y-coordinate of offset j at station k

* ZCJ,K) = n-coordinate of offset j at station (hl-rat)knmtr
* (distance from waterline, negative down) in metres

* NOFSET(K)= number of offsets given for station k

* NOTE
* firut station must be at stern, last station at bow
* first offset must be at keel, last offset at waterline

COMMON /DATINP/ OPTN,MOTN ,ESCFIL,VLACPRRAOPR,RLDMPR,DISPLMT,
2 LRAOPR,ADRPR,ORGOPTN,GMNOM.KG,STATN(25) ,NSOFST(25).
2 NLEWF(25) ULFBTH(10,I25).WTRLNE(10,256),BLEWF(25),TLEWF (25),
2 AREALF(25 ,NPTLOC,PTNUMB(I0),PTNAME,XPTLOC(10) ,YPTLOC (10),
2ZPTLOC 10 *NSB,FBNUMEB(1O),FBNAMEXPTFBD(10),YPTFBD(10),
2 ZTFB(IO,FBCODE(10),FBTYPE,RLDOT(10),VKDES,FNDES,

2STATNM,STATIS
CHARACTER*4 PTNAME(8,10) ,FBNAME(8,10) ,STATNM(S) ,FBTYPE(3,i0)
INTEGER OPTN ,MOTN ,BSCFIL,VLACPRRAOPRSADRPR,RLDMPR,FBCDDE,
2FBNUMB,*PTNUMB, ORGOPTI

COMMON /GEOM/ X,NSTATN,Y .Z,NOFSET,LPP ,BEAM,DRAFT,LCF,
1 VCG ,GM,DELGM,NEBLA ,KPITCH,KROLL,KYAW,KYAWRL,AWP ,VCB ,FBDX ,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT.TITLE,MASS,I
2 DISPLM, IPITCH ,IROLLIYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI ,CROLL,
2 AREAM , WSURF ,GIRTH, FBDZV ,DBLWL ,TLCB
INTEGER NSTAT7N,NOFSET(25) ,NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL 1(25),Y(10,26),Z(iO,25),FBDZV(8,1O),LPP,BEAM,DBLWL,TLCB,U

2 DRAPT,LCF,VCG,GM DELGMNEBLAKPITCHKROLL KYAWKYAWRL,AWP,VCB,
2 FEDX(1O) PBDY(1O5,FBDZ(10),XPT(10),YPT(10S.ZPT(10),LCB,GML,

4 ASTAT(2&SBSTAT(25),MASS,DISPLM,IPITCH,IROLL.IYAW,

S IYAWRLL,CHEAVECPITCB,CHEAPI ,CROLL,AREAMX,WSURF,GIRTH(25) I
cOMMON /10,' Smrja..,ru0iFFiLCrLLCOFIL.I CARD, TrXrIL,I!pRI N,

2 SCRFIL,BPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
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32 SPTFIL,LACFIL,L.AEFIL
INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,

2 SCFLELIFAIRFLROIMFLSVI~P~L
2 SPTFIL,LACFIL,LAEFIL3 ~COMMON /LOADS/ NLOADS,SWOHT(25) ,SMASS(25) ,XLDSTN(1O) ,XLDXPT(25),
2 LSTATN(25)

COMMON IPHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,vKMETR,METRVK,CRAv.
2RHO,GNU,RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITs,REYSCL

CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOTDEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOs,

1 RHOF,GNUS ,GNUF,FTMETR

COMMON /SMPSYS/ FIS,AS.SIS,SOS,SDS,HALOS,DEV.PRN,SMPPS,sMpIs,

I ~CHARACTER*8O FISSI15,SOS ,SDS ,TITLES
CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDS,sHPTYPS
CHARACTER SHIPS*6,VARS*2,CYCLS*2
INTEGER*2 OPTIONU COMMON /TWOD/ YY, 2%, ENN, ISTA
INTEGER ISTA
REAL YY(i0,25),ZZ(1O,25),ENN(4,iO,25)

COMMON /WGHTS/ WTDLNORM
REAL WTDL(10,25) ,NORM(4,1O,25)

REAL MX IXX IYY
DIMENSION PN2,1o)jiDI(2),ENDI(2,2),cc(14),PSPL(2,7o),sEss(s,os),U 2 EEMS(,24)XMT(25), %MT(25). BBS(2E), XB(2S), XXB(25)..
* PSEGS(8,9,25)
CHARACTER*4 METERI ~DATA METER /'METE'/
DATA NDI, ENDI / 2 *1, 4 *0.0
DATA ZERO, ONE, TWO /0.0, 1.0, 2.0

AREAMI = ZERO
DO 50 K=1,NSTATI
NP =NOFSET(K)
IF (NP .GT. 1) GO TO 10
ASTAT(K) = ZEROI ZMT(M) vZERO
GO TO 40

10 CONTINUE
IS=NP - 1

DO 20 J=1,NP
P(I,.J) =Y(J,K)I ~ ~~P(2.3) =Z(J,K)P.NDI

20 CONTINUE

CALL SPINT2 ~PSEGS ( 11,K), NS5, AREA, 1, ZERO, IS, ONE, 0)I ASTAT(K) = TWO * AREA
IF (ASTAT(K) .GT. AREANX) AREAHX =ASTAT(K)
L = 0
DO 30 3=1,115
CALL CUBC02 (PSEGS(1,3,K),CC)U NT =7
DT = 1./(NT-1)
DO 25 1=1,117
L=L + 1I T =(I-1)*DT
T2 =T*T
T3 =T*T2~ CS T CZ*3ZSPL CC 2 *T3 + CC41 *T2 +''ý6* + CC 66 *
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I
PSPL•i,L) = YSPL*ZSPL
PSPL N2L = ZSPL

25 CONTINUE
30 CONTINUE

CALL SPLNT2 (SEGS,PSPL,L,NDI,ENDI)
CALL SPINT2 (SEGS,L-I,AREA,I,ZEROL-aONEo) I
ZMT(K) = TWO * AREA

40 CONTINUE
BSTAT(K) = TWO * Y(NP,K)
BBB(K) Y(NP,K)**3
XMT(K) ASTAT(K) * X(K) I50 CONTINUE

* PSEGS(l,JK) = parametric spline segment representing statiorn k
* ( I = 1, 8 ) ( J = 1, NOFSET(K)-1 )
* BSTAT(K) = full beam of station k at waterplane in m
* ASTAT(K) = area of station k in m**2
* ZMT(K) = moment of sta.k area about wp in m*3
* XMT(K) = moment of sta.k area about fp in m**3

NS = NSTATNI
CALL SPFIT (, ASTAT ELEMS, NS)
CALL SPINTG ((1), X(NS), I, NS ELEMS, ZERO, NEBLA, DUMMY)
CALL SPFIT (X, IMT, ELEMS, NSS
CALL SPINTG (x(1), X(tS), X, NS ELEMS, ZERO, XXMT, DUMMY)
CALL SPFIT (X, ZMT, ELEMS, NSý
CALL SPINTG (x(1), X(NS), X, NS, ELEMS, ZERO, ZZMT, DUMM7)

* NEBLA = displaced volume in mi**3
XXMT = moment of displ. vol. about ap in m**4 I

* ZZMT moment of displ. vol. about up in m**4

LCB = LPP - XXNT/NEBLA
VCB = ZZMT / NEBLA

* LCB = longitudinal %enter of buoyancy in m
* (distance trom fp, positive aft)
S MVCB = vertical center of buoyancy in m

(distance from up, negative down) I
* find local draft at lcb (necessary for trimmed ship)

STASPC = LPP/20
SLCB = LCB/STASPC
DO 240 I= .NSTATN
IF (STATN(I) .LT. SLCB) GO TO 240
SDIS = SLCB - STATN(I-1)
SLOPE = (WTRLNE( 1,I) - WTRLNE(I,I-I)) / (STATN(I) - STATN(I-i))
TLCB = DBLWL - (WTKLNE(i,I-i) + SDIS*SLOPE)
GO TO 260

240 CONTINUE
250 IF (NPTLOC DEQ. 0) GO TO 270

DO 260 1=1,NPTS
XPT(l) = XPT(I) - (LPP-LCB)

260 CONTINUE
270 IF (NFREBD .EQ. 0) GO TO 290

DO 280 I=INFREBD
FBDX(I) = FBDX(I) - (LPP-LCB)

280 CONTINUE I
(ALL TRIM

290 CONTINUE

transform origin of x-axis to LCB

DO 150 K=I NSTATN
X(K) I(KS - (LPP-LCB)
XB(K) = X(K) * BSTAT(K)
XXB(K) X(K) * XB(K)

ISO CONTINUE

1) =diatanco of tation 1, f-rnm LCR (negative aft) in meters
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CALL SPFIT (X, ESTAT ELEMS, NS)

CALL SPINTG (X(1), X(NS), X NS ELEMS, ZERO, AWP, DUMMY)
CALL SPFIT (X, BBB. ELEMS, S55
CALL SPINTC (X(i), X(NS), X, NS, ELEMS, ZERO, IYY, DUMMY)
IYY = TWO * IYY / 3.
BM = IYY / NEBLA

KC is the distance from the keel to the center of gravity
at the LCE

KG = KG + DELGM
VCG KG - TLCB
BG = VCG - VCB
GM = BM - BG

I *AWP area of vaterplane in ms*2
• IYY = transverse moment of inertia of wp in m**4
* BM center oa buoyancy to transverse metacenter in meters
• GM transverse metacentric height in meters

CALL SPFIT (X. XB, ELEMS, NS)
CALL SPINTG (X(i), X(NS), X, NS ELEMS, ZERO, MX, DUMMY)
CALL SPFIT (X, XXB, ELEMS, NS1
CALL SPINTG (X(1), X(xS), X, NS, ELEMS, ZERO, IXX, DUMMY)
BML = IXX / NEBLA
GML = BML - BG
LCF = LCB - MX/AWP

MX = longitudinal moment ot wp about Icb in m**3I IXX = longitudinal moment of inertia oa wp in m**4
* BML = center oa buoyancy to longitudinal metacenter in m
• GML longitudinal metacentric height in m
* LCF = longitudinal center of flotation in m

(distance trom tp, positive aft)
mass, displacement and moment oa inertia definitionsroll moment oa inertia is about the LCG in the waterplane

* roll radius of gyration ib abuut the VCG

MASS = RBO*NEBLA
DISPLM = MASS*GRAV
IPITCH = MASS*(KPITCH*LPP)**2
IROLL = MASS*((KROLL*BEAM)**2 + VCG**2)
IYAW = HASS*(KYAW*LPP)**2
IYAWRL = NASS*(KYAWRL*LPP**2)

restoring detinitions

CHEAVE = RHO*GRAV*AWP
CPITCH = DISPLM*GML
CHEAPI = - RHO*GRAV*AWP*(LCB-LCF)

note that LCB and LCF are measured trom the tp, pos aft

CROLL = DISPLXCGM
CALL NORMAL (PSEGS)
CALL NORMTS (PSEGS)
DO 60 K=I,NSTATN
NIP = NOFSET(K)
IF (NP GT. 1) CALL CONIWT (WTDL(iK),PSEGS(i,1,K),NP)60 CONTINUE
IF (NLOADS .EQ. 0) GO TO 69

obtain locations tor load calculations

DO 65 IP=1,NLOADS
XLS XLDSTN(IP)
N1 = NSTATN - 1
DO 63 K=1,Ni
IF (.NOT. (XLS.GE.STATN(K) .AND. XLS.LT.STATN(K+i)a) GO TO 63
XLDSTN(IP) = 0.5*(STATN(K) + STATN(IC+i))
GO TO 64

63 CONTINUE
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64 XLDXPTI1Pý = LCB - XLDSTN(IP)*LP/20
LSTAN IP= NSTATN +- I - K

65 CONTINUE

* compute section mass

L NSTATN + 1
DO 68 =I1,NSTATN
L L- 1
IF (PUNITS~f (1 EQ. METER) SMASS (L) =SWGHT (10*1000
IF (PUNITS(1 .MNE. METER) SMASS(L) =SWGHT(K)*2240/GRAVI

69 CONTINUE

* ~calculation of vetted surface3

MS = NSTATN
DO 80 K=1,NSTATM
NP =NOFSET(K)
GIRTH(K = ZEROI
IF (NP .LT. 2) GO TO 80
DO 70 .Th1,NP
GIRTH(K) =GIRTH(K) + WTDL(J,K)

70 CONTINUE
GIRTH(K) =TWO * GIRTH(K)I

80 CONTINUE
CALL SPFIT (X, GIRTH, ELEMS, NS)
CALL SPINTG (i(1), IXliS), X, NS, ELEMS, ZERO, WSURF, DUMMY)

* write offsets to HPLFIL for graphics3

CALL SPLMFT

* write scratch file

FIS =SbS(1:LSDS)//'.SCR'
OPEN (UNIT=SCRFIL,FILE=FIS ,FORM= 'UNFORMATTED' ,STAThS= 'UNKNOWN')

WRITE (SCRFIL) YY,ZZ.ENN,ISTA
WRITE (SCRFIL) WTDL,MORMI

CLOSE (UNIT=SCRFIL)

RETURN
ENDI

C DECK HETOUT
SUBROUTIME HSTOUT

COMMON /APPEND/ IBKSETiNBKSTN(2) ,BKIMAG(2) ,BKFS(2),BKAS(2),
2DKWD (2) ,EKSTN(10,2) ,BKHB(10,2),BRLFTH BKWDTH,
2 BKWL(10 2) )BKANCI),2).NSKSET,SKIMAG(25,SKFLSC2),SKALS(2),
2 SKAUS(25 ,SkHB(2) SKFLWL 2 *SKALWL 2 *SKAUWL(2) ,MRDSET.RD:IMAG(2)
2 P.DRFS(2), RIRASC'S RDRHB (2) RDRFWL(2) RDRAWL(2) RDTFS(2 ),RDTAS(25I
2 EflTHB(2) RDTFWL(25 RDTAWL(2) NSBSETSBIMAG(2),SOBRFS(2 ) SOBRAS(2S
ý2 ,SOBRHB (25,SOBRFW(25 ,SOBRAW(25,SIBRFS(2).SIHRAS(2),SIBRHE(2),
2 SIHRFW (2) ,SIBRAW(2) ,SB-:,.o2),SBTAS(2),SETHB(2),SBTFWL(2),
2 SBTAWL (2) ,NFNSET,FNIMAG(2) ,FMRFS(2) ,FMRAS(2),
2 FNRRB(2) FNRFWL(2) FNRAWL(2) FNTFS(2) FNTAS(2),FNTHB(2),
2 FNTFWL(25 PFNTAWL(25 ,NEXPRDEMPnO(8),EMRDS(8)

COMMON /DATINP/ OPTM ,MQTN,BSCFIL,VLACPR,RAOPRRLDMPR,DISPLMT,
2 LRAOPR,ADRPR.ORGOPTN.GMNOM,KG,STATN(25) ,NSOFST(25),
2NLEWF(26) HLFHTH(10,25),WTRLNE(10,25),BLEWF(28),TLEWFf25 I2 AREALF(2&5,NPTLOC,PTNUMB(10),PTNAME,XPTLOC(10),YPTLOC 10

2 ZPTLOC (10) ,NBB,FBNUMB(10),FENAME,XPTFBD(10),YPTFBD(10).
2 ZPTFBD (10) ,FBCODE(10),FBTYPE,RDOT(10),VKDES,FNDES,
2 STATNM,STATIS

CHARACTER*4 PTNAME(8,10),FBNAME(8,10),STATNN(E),FBTYPE(3,10)U
1NIE~ER UTH, OTW BSC1 L,.AOrr.,DP ,lJJf DTU-MEDRFB CODE,

2 FBMUNBPTIUNB,ORGOPTN
REAL KG3
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U COMMON /GEOM/ X,NSTATN,YZ,NOFSET,LPP,BEAMDRAFT.LCF,
1 VCG,GM,DELGM,NEBLA,KPITCH,RROLL,KYAW,KYAWRL,AWP,VCBJBDDX,FDDY,
2 FBDZNFREBD.XPT,YPT,ZFT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
2 DISPLM.IPITCH.IROLL.IyAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,I 2 AREAMX,SUSLRF,GIRTHFBDZVDBLWL.TLCB
INTEGER NSTATN,NOFSET(26) ,NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25) ,Y(lo,25),Z(10,25) .FBDZV(S,1O).LPP,BEAM.DBLWL-.TLCB.

2 DRAFTLCFVCGGM DELGM.NEBLAKPITCH.KROLL KYAWKYAWRL,AWP.VCB,
2 FBDX(1O) FBDY(1OS,FBDZýiO),XPT(1O),YPT(1OSý,ZPT(1O).LCH,GML,
4 ASTAT(25S.BSTAT(26),MASS,DISPLM,IPITCH,IROLLJIYAW,
5 IyAWRL,,CllEAVE,CPITCH,CHEAPI,CROLL,AREAMXYWSURF.GIRTH(

2S)

COMMON /10/ SySFIL pOTFIL,COFFILLCOFIL,ICARDTEXFIL,IPRIN,
2 SCRFIL.HPLFIL.LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDPIL.
2 SPTFILLACFIL,L.AEFIL

INTEGER SySFIL,POTFIL,COPFIL.LCOFILICARD,TEXFILJIPRIN.
2 SCRFIL,HPLFIL,LRAPIL,ORGFIL,RAOFIL.RMSFIL,SEvFIL.SPDFIL,
2 SPTFIL*LACFILLAEFIL

COMMON /PHYSCO/ II ,TPI,PI .PIOT,DEGRAD,RADDEG,VKMETR,METRVK.GRAV.
2 RHO,GNU.RHOS.RHOF,GNUS.GNUF,FTMETR,PUNITS,REYSCL

COMPLEX 11
CHARACTER*4 PUNITS(2)
REAL TPI,PI,FIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,

1 RHOF,GNUS ,GNUF,PTMETR

COMMON /STATE/ LAT ,VRT ,LOADS ,ADDRESS SALTEEAD ,EXROLL. BKEELI ~ ~LOGICAL LAT,VRT ,LOADS ,ADDRES ,SALT, HEAD ,EXROLL,BREEL

CHARACTER*4 UMETR(2) ,UPEET(2) ,UN1TS(2)
DIMENSION BKL(ý2) ,IBKWS(2) KS2
DIMENSION SKfL(2),SKH (2) ,ISKW 2
DIMENSION RIT (2 )RTP (2).,RDMSP (2), RDMCH(2),IRDWS(2)
DIMENSION SBORT(2).SBIRT(2),SBTIP(2),SBOMC(;2).SHXMC(2),

2 SBOMS(2).SBIMS'(2),ISBWS(2)
DIMENSION FRT(2) .FTP(2) .FNNSP(2) ,FNMCH(2) ,IFNWS(2)
REAL LPPND,LCBND,LCFND,KGND.GMNDJCM1 KMND.KB,KBND

CHARACTER*4 METER ,TONSM ,TONSE ,TON

DATA METER /'METE'/
DATA UMETR P' MET','ERS VI
DATA UFEET /I FEE':'T '
DATA TOMSM P' M.
DATA TONSE /P L. V/

UNITS (1)= UMETR(1)
UNITS (2)= UMETR(2)I TON = TONMS
IF (PUNITS(i) .ME. METER) UNITSWi = UF'EET(1)
IF (PUNITS1 (iN.E. METER) UNITS(2) = UFEETI.2)
IF (PUNITS (1 .ME. METER) TON = TONSE

LPPND =LPP/BEAM
BEAMND =BEAM/DRAFT
D.RYTID =DRAFT/BEAM

* convert displacement from mass to tons

DISPLT =MASS*.OO1
IF (PUL'ITS(1) .ME. METER) DISPLT = MASS * GRAV /2240.
VOL =MASS/MIDI DISPID = VOL/(O.l*LPP)**3
IF (PUNITS(1) .ME. METER) DISPUD =DISPLT/(O.01*LPP)i'*3
LCBND = LCB/LPP
LCFND = LCF/LPP
VCGND =VCG/BEAM
KGND =KG/BEAM
ruND r n/BEAM

KM = KG+GM
KMND = KM/BEAM
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KB = VCB + TLCB
KBND =KB/BEAN

* waterplane and wetted surface

AWPND AWPI(LPP*BEAM)3
WSRFND WSURF/(2.*LPP*DRAFT + 2.*BEAN*DRAFT + LPP*BEAM)

* gyradii

ROYRAD = KROLL*BEANU
YGYRAD =KYAW*LPP

* hydrostatic coefficients

CB = NEBLA/(LPP*BEAN*DRAFT)
CX =AREAMX/(BEAM*DRAFT)
CP = CB/CX

* ~convert design speed in knots to troude numberU

* estimated roll period based on equation -

ROLPER = (TPI/SQRT(GRAV)) * SQRT( (RGYRAD**2+A44)/GM)I
* here A44 = 0.25*RGYRAD.*2

ROLPER =(TPI/SQRT(GRAV)) * SQRT(1.25*RGYRAD*'*2/GM)
R0LFRQ =TPI/ROLPER

SS LPP/20.I
*bilge keel

IF (NBKSET .EQ. 0) G0 To 15
DO 10 IBK=1,UBKSETU
BKL(IBK) = (BKAS(IHK) - FKFS(IbK)) -SS
IBKWS(IBK) = 4. * BKL;(IBK) * BKWD(IBX)

10 CONTINUE

*skegI

15 IF (NSKSET .EQ. 0) GO TO 25
DO 20 ISK=1 NSKSET
SKL (15K) = SKALSCISK) - SKFLS(ISK)) * SS
5KB (5K) (SRKAUWL(ISK) - SKALWL(ISK))I
FACTOR = 1.0
IF (SKHB(ISK) .GT. 0.) FACTOR =2.0
ISKWS(ISK) = FACTOR * SKLISK) *SKII(ISK)

20 CONTINUE

*rudder

25 IF(NRDSET .EQ. 0) GO TO 35
DO 30 1RD=1,NRDSE-T
RRT(IRD) RDRAS IRD) - RDRFS(IRD) * S5

RTP(lED) = RODTAS lED) - RDTFV lED * SS
A = DTH(IR) -RDRHB(IRD)

B =((RDRFWL(IRD)+EDRAWL(IRD)) - (RDTFWL(Ian)+RBTAWL(Iuo))) /2
RDNSP(IRD) = S RT(A*A + B*B)
RDMCH(IRD) = C(R(DRAS(IRD)+RDTAS(IBD)) - (RDRFS(IRD)+RDTFS(IRn)))

2 /2) * SS
FACTOR = 2.0
IF (RDRHB(IRD) .GT. 0.) FACTOR = 4.0
IRDWS(IRLD) =rACTOR * RI3NSP(IRD) * RDMHe(IRfl)

*propeller shalt brackets

36 IF (NSBSET .EQ. 0) GO TO 45S
DW 40 ISB=1.ISBSET
SBORT ( lEB= (SOBRAS(ISH) -SOBRFS(lbts)) * SS
SBTIP (lEE = (SBTAS (lE) - SBTFS(ISB)) * SS
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ISBONC(ISE (((SOBRýAS(ISB)>*SBTAS(ISB)) - (SOBRFS(ISe)+
2 SBTFS (ISEM / 2) * SS

A = SOBRHB(ISR) - SBTHP(ISB)
B (((SOBRFW(ISB)+SOBRAU(ISB)) - (SBTFWL(ISS)+SBTAWL(ISB))) /2I FACTOR =4.0
ISBWS(ISB) =FACTOR * (S130Xs(ISB)*SBOMC(ISB))
IF (SBTHB(Iss) .EO. 0.) GO TO 40
SBIRT (ISB) = SIBRAS(ISB) -SIBRFS(1S13) * s
SBII4C ISB) (((SIBRAS(ISB)+SBTAS(1SB) (SIBRFS(ISB)+U 2 SBTFS (ISP)) 2) * sSS
A =SBTIIB(ISB) - SIBRHR(ISB)
B ((IBRFW(ISB)+SIBRAW(ISB)) - (SBTFWL(ISB)4-SBTAWL(ISB))) /2
SEIMS (ISB) = SLQRT(AOA + H*B)
ISBWS(ISB) =ISBWS(ISB) + (FACTOR * (SBIMS(ISB)*SBINC(ISB)))

40 CONTINUE

'I45 IF (NFNSET .EQ. 0) GO TO 55
DO S0 IFN=1 NFNSET
FRT(IFN) = ZNRAS(IFN) - FNRFS(IFN)) - SS
FTP(IFN) =(FNTAS(IPN) - FNTFS(IFN)) * SS
A = FNTHB(IFN) - FNRHB(IFN)
B = (0FNRFWL(IFN).FNRAWL(IFN)) - (FNTFWL(IFN).FNTAWL(IFN))) /2

IF(Fri±OFN) GT.h0)FACTOR =4.

IFNWS(IFN) =FACTOR * FNMSP(IFNi) * FNMCH(IFN)

I~SL=DISPLT + .5001
IAWP =AUP + .5001
IWSURF = WSURF + .5001

**** ship particulars table **

WRITE (IPRIN,io0o)WRITE (IPRIN,io05 (TITLE(I) .1=1,20)IWRITE (IPRIN,1010
WRITE (IPRIx,1o1s
WRITE (IPRlN,1020) LPP,(UNITS( I) 112),ILPPND
WRITE (IPRIN,102&) BEAM.(UNITS(I$ 1% 25 BEAMND
WRITE (IPRIN 1030) DRAFT (UNITS(I5Ii 25,DRFTNDIIF (PUNITS(1 WVE. METERS WRITE IPRIN,1035ý DISPLT,TON,DISPND
IF (PUNITS(1ý .Lp. METER WRITE IPRIN,1036 DISPLT,TON,DISPND
WRITE (IPRIN.1040' VKDESFuNDES
WRITE (IPRIN.1010IWRITE (IPRIN,1045)
WRITE (IPRIN,1050) VCG,(UNITS(I),I=1,2) ,VCGND
WRITE (IPRIN,105S) KG ,(UNT(I .1=1,2),KGND
WRITE (IPRIN,1ioeo GM, UNITSH (I) =1,2) ,GMND
WRITE (IPRIN,106S) RN, (UNITSH (I) 1 ,I12,KMNDI WRITE (IPRIN, 1070) KB ,(UNITS 11I)1=12) ,KBND
WRITE (IPRIN,1010)2
WRITE (IPRIN,105
WRITE (IPRIN,1080) LCB,(UNITS(I),I=1,2).LCBND
WRTE (IPRIN,10B5 LCB. (UNITSffI) 1=1:2),LCBN
WRITE ýIPRIN,1090 LCF, (UNITS I) .1=1,2 ,LCFND
WRITE ITPRIN,1010ý
WRITE (IPRIN,1095)
WRITE (IPRIN .2000) RGYRAD, (UNITS(I) .1=1,2) ,KROLL
WRITE ýIPRIN,2005ý PGYRAD, (UNITSff (I1=1,2) ,KPITCH
WRITE IPRIN,20i0 YGYRAD ,(NITS(I) 1=1.2) ,KYAW
WRITE IPRIN,2015 ROLPER,ROLFRQ
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WRITE IPRIN205 AWPAJUNITS(I),I=1,2),AWPND3
WW'RI'TE (IRRIN,20 30ý WSURF,(UUITS(I) .1=1,2) ,WSRFND
WRITE (IPRIN,1O0)0
WRITE (IPRIN,2040)
WRITE (IPRIN,2046) CB ,CX,CP

WRITE (IPRIN ,2060)

* **** appendage partiouia-rc tablet**

WRITE (IFRIN,1000)
WRITE (IPRIN,2999) (TXTLE(I-) .I=1,20)
WRITE (IPRIN,1O10)
IF (NEK'SET .EQ. 0) GO TO !00
WRITE (IPRIN .3000)
WRITE (IPRIH,3005) BKL(1),(UNITS(I) 1=1 2)
IF (NBKSET EQ. 2) WRITE(IPRIN,3010i BKL(2),(UNITS(I),I=1,2)
WRITE (IPRIN,301S) BKWD(l) (UNITS(I) .1=1,2)
IF (NBKSET .EQ. 2) WRLITE( IPRIN,31) BKWD(2?,(UNITS(T),lI=,2)
WRITE (IPRIN,3020) IBKWS I 1)(UNITS(I),I1,2)
IF (NBKSET .EQ. 2) WRITE(IPRIN,3026) IBKWS(2).(UNITS(I),1=1,2)I
WRITE (IPRIN,1010)

100 IF (NSKSET .EQ. 0) GO TO 110
WRITE (IPRIN,3030)
WRITE (IPRIN,3035) SKL(ý) (UNITS( I)=1 2)
IF (NSKSET iQ. 2) WRITE(iPRIN,3040$ i()(NT()1.2
WRITE (IPRIN ,3646) SKE ( 1L(UNITS(I) I=1 2)
IF (NSKSET .EQ. 2) WRITE(IPRIN,30W0 SKA1(2) (UNITS(I),S=1,2)
WRITE (IPRIN,3055) ISKWS( 1)J(iNITS(l)I),=1,2

5

IF (NEESET iEQ. 2) WRLITE(IPRIlH.3060) ISKWS(2),(UNITS(I).1=1,2)4
WRITE (IPRIN,. 1010)

110 IF (NRDSET ,En. 0) GO T0 120k
WRITE (IPRIN,' 3065)
WRITE (IPRIN,3070) RRT(1),(UNITS(I) I=1,2)
iF (NRDSET .EQ. 2) WRlTE(IPRIN,3075$ý RRT(2),GJNITS(I).I=i,2)
WRITE (IPRIN.3080) RT'P(1),(UNITS(I) I=1,2)U
IF (NRDSET .EQ. 2) WRITE(IPRIN.307S$ RTP(2).(UNITS(I),Th1.2)
WRITE (IPRIN,3090) RDMSP ( ),(UNITS(I).11, 2)
IF (NRDSET iEQ. 2) WRITE( IPRIN, 3096) RDNSP(2),(UNITS(I).I=1.2)
IFNDE E.2WRITE (IPRIN,3106) IRDWS(2),(UNITS(I),1I1,2)I
WITE (IPRDTiN.3100 WIRDW l~I,3011RW),(UNITS(I),I,2))
WRITE (IPRIN,1010)

120 IF (NSBSET .EQ. 0) GO TO 130
WRITE (IPRIN,3110)
WRITE CIPRIN,3115) SNORT 1),(UNITS(I),11.,2)
IF CUSESET .EQ. 2) WRIT-EkIPRIN,3120) SBORT(2),(UNITS(I),11,2)
WRITE '%IPRIN,3145) SBOI4S(1). (UNITS(I),I=1,2)
IF (ISaSET .EQ. 2) WRITE(IPRIN,3150) SBDMS(2),(UNITS(I),I=1,2)
WRITS (IPRIN,3135) SETIP (i),(UNITS(I).I11,2)
IF (NSBSET iEQ. 2) WRITE(IPRIN.3140) SBTIP(2).(UNITS(I¾fl1,2)U
IF ýSBTHP(1) .EQ.0..AND. NSBSET.EQ.1 GO0 TO 125

(rSBTiRýi) .EQ.O. .AND. NSBSET.EQ.2ý GO To 122
URITE (IPRINR129) 57RLT5 i),(UNITS(.I),I=1.2)
IF (NSBSET .EQ 2ý WR ITE IPRIN,3120) SBIRT(2).(UNITS(I),V=1,2)
WRITE (IPRIN,3155) SEIMS 1), (UNITS(I),1=1,2)
IF (KSBSET .EQ. 2) WRITE(IPRIN,3150) SBIMS(2).(UNITS(I),Ifl,2)
CO TO 125

122 WRITE (IPRIN,3126) SBIRT2.(NT ).11)
WRITE (IPRIN,3i56ý SBIMS2j(2),UNITS I) -112

125 WRITE CIPRIN,3185 ISEWS (1) _UNITS I) ,I=i .2)
IF (NSBSET .EQ. 2 WRITE(IPRIN,3170) ISEWS'(2).(UNITS(I),I=1,2)
WRITE (IPRIN,1010)

130 IF (NFNSET .EQ. 0) GO TO 140
WRITE(IRN37
WRITE ((IIPRIN.31809 FRT(1).(UNITS(I) I=1 2)I
IF (NFNSET .EQ. 2) WRITE(iPRIN,3185

5 FRfr(2),(UNITS(I),I=l,2)
WRITE (IPRIN,S190) FTP(1).(UNITS(I) I=1,2)
IF (NFNSET .EQ. 2) WRIT'E( IPRIN,3165

1 FTP(2) (UNITS(I),Iv1,2)
WRITE (IPRIN,32001 FNHSP i),(UNITS(I),I1.2
IF (NFNSET SC!. 2 WRflS IPRIN,3205) FNMSP(2).(UNITS(I),1=1.2)
WRITE (IPRIN.-i210 IFNWS I ,1),(.UNITS(I),I=1,2)
11krn PfE~1 *E )WQTITE(Im, 325nFW()(UIST h2

140 CONTINUE
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WRITE (IPRIN ,3300)
1000 FORMAT ýIHI)

105FORMAT 8H0,1X,20A4//28X,2SHTABLE OF SHIP PARTICULARS)

105FORMAT 1IOX,22HSHIP CHARACTERISTICS -'
100FORMAT (1OX,24H SHIP LENGTH (LPP) *F7.2,2A4,

105FORMAT (1OX,28H BEAM AT MIDSHIPS ,F6.2,2A4,
24X,12HBEAM/DRAFT .7XF7.3)

100FORMAT (1OX,25H DRAFT AT MIDSHIPS *F6,2,2A4.
2, 4X,12HDRAFT/BEAM .7X,F7.3)
106FORMAT (101,2311 DISPLACEMENT (S.W.) *F8.1,A4,4HTONS,

24X1, 7HDISPL/( ,OILPP)**3, 11,F8.3)
106FORMAT (1OX,23H DISPLACEMENT (S.W.) ,F8.l,A4,4HTONS,4X,
217HVOLUME/(.1LPP)**3,1X,P8.3)I1040 FORMAT (101,25H DESIGN SHIP SPEED ,F6.2,811 KNOTS
2 4X,1SHFROUDE NUMI3ER,6X,F7.3)

1045 FORMAT (1OX,2OHVERTICAL LOCATIONS -I

1080 FORMAT (lOX,25H C. OF GRAVITY (VCGS* ,F6.2,2A4,
2 4X,12HVCG/BEAM .7X,F7.3)

10los FORMAT (101.2511 C. OF GRAVITY (KG)** *F6.2,2A4,
2 41.1211KG/BEAM ,,7,F7.3)

1060 FORMAT (101,2511 METACENTRIC HT. (GM) ,F6.2,2A4,
2 41,1211GM/BEAM ,7X,F7.3)

1065 FORMAT (101,2511 METACENTER (KM)** ,F6.2,2A4,
2 41,1211KM/BEAM p71 57.3)

1070 FORMAT (I01,2511 C. OF BUOYANCY (KB)** ,F6.2,2A4,
2 41,1211KB/BEAM 7,F17.3)

1075 FORMAT (1OX,27HLONGITUDINAL LOCATIONS*** -/I1080 FORMAT (101,2511 C. OF GRAVITY (LOG) ,F6.2,2A4.
2 41,12HLCG/LENGTH ,7X,F7.3)

1088 FORMAT (101.2511 C. OF BUOYANCY (LCB) ,F6.2,2A4,
2 41,12HLCB/LENGTH ,7X,F7.3)

1090 FORMAT (I01,2811 c. flF FLOTATION (LCF) ,F6.2,2A4,
2 4X,12HLCF/LENGTH ,7X,F7.3)

1095 FORMAT (1OX,24HMOTION CHARACTERISTICS ,/
2000 FORMAT (107,2511 ROLL GYRADIUS ,F6.2 ,2A4,

2 4X,12HYG/LPM .7X,F7.3)

2 41,19HRO/LL FRQ(RDAN),F7.3)
201 FORMAT 10IOHCOMPUTAW AYREADS FG.22A4

2I4X1HAP/(LPP*BA 7,X,F7.3)
F06 ORMAT (101,2K WESTIMTED SRFAEHLL PEID F6.1,411 SECONA4,

2 IS,1HWS/(2LD+2BD+LB) .415 7.3)U 2040 FORMAT (10X,I9HHULCOUEFFICIENTS -,/)
2045 FORMAT (101,2811 BLOCK(CNE) *FG.13H.I ,2

3 101,2511 PRISMATIC5X(C7. ) ,63I2030 FORMAT (IHO/OX,2211 WATTEXSRLIEREAECE,HUL F 1,HS.2
2 l6W /1OX,1711***,XF7.PREEENE

2999 FORMAT (1HOlX,20A4//23EFFIIENSHTBEO HPAPNAEPRIUAS
3000 FORMAT (lOX.2BHBILGECKEE (CHAATRITC F6.3I ~ ~ ~ ~ 305 FRMT 1X,29HIG KELSECI N GT (SE NOXF.31,20/ 7224
3010 FORMAT (iH/0X,11H(SE NO ERIN 2),0 F7E2,2A4)
301 FflRMAT 122HBILG KEEL WIDTHE (SETN. ),oF72A)
320 /loxA 124HTOTALP WETTEDSRFACE AE BK E O )7,7

2 1 1 SQ. ,2A4/3X3HAL4O)HPAPEDG ARIUAS

3030 FO[MAT X10,28HBIGEKEG L CHARACTERISTICS -,I
3035 FORMAT (12X,34115GEKEG L LENGTHCOGKE (SET NO. i),1SI,F7.2,2 A4
3040 FORMAT (30X,11H(SET NO. 2),loI,F7.2,2A4)
3048 FORMAT 12X,23HS EKEG L HEIGHTH (SET NO. l),26 X,F7.2,2A4)

3055 FORMAT 121,42HTOTAL WETTED SURFACE AREA (SKEG SET NO. 1),7X,17,

30260 FORMAT '(381,16H(.KEG SET NO. 2),7X,I7,4B SQ.,2A4)

£00FiA 1X2HKGCAATRSIS-/
306FRA(2,4SE EGHA.0GKE STN.iS,7224



7mI
3065 FORMAT (10X,24HRUDDER CHARACTERISTICS 3-.1) 52A4
3070 FORMAT (12X,36HRUDDER ROOT CHORD LENGTH (SET NO. 1),13F.2A)
3075 FORMAT (37X,11H(SET NO. 2),13X,F7.2.2A4)
3080 FORMAT (12X,3OHRUDDER TIP CHORD LENGTH (SET NO. 1),13XF7.2,2A4)
3090 FORMAT (121,2BHRUDDER MEAN SPAN (SET NO, 1),21X,FT.2,2A4
3095 FORMAT (291,11H(SET NO. 2), 21X,F7.2,2A4)
3100 FORMAT (121,44HTOTAL WETTED SURFACE AREA (RUDDER SET NO. 1b5SX,

2 174 Q.,2A4)
3105 FORMAT (381,18H(RUDDER SET NO. 2),SX,17.4H SQ. ,2A4)
3110 FORMAT 4101,42HPROPELLER SHAFT BRACKETS CHARACTERISTICS -1
3115 FORMAT (12X,4SHOUTSIDE BRACKET ROOT CHORD LENGTH (SET NO. 1),4X,I

2 F7.2,2A4)
3:20 FORMAT (46X,11H(SET NO. 2),4X,F7.2,2A4)
3125 FORMAT (12X,4SHINSIDE BRACKET ROOT CHORD LENGTH (SET NO. 1),4X,

2 F7.2,2A4)

3126 FORMAT (12X,4SHINSIDE BRACKET ROOT CHORD LENGTH (SET NO. 2),4X,

3135 FORMAT (12X,37HBRACKET TIP CHORD LENGTH (SET NO. 1),12X,FY.2,

31402 FORMAT (38X,11H(SET NO. 2L,12X,F7.2.2A4) 1,2,72
3145 FORMAT (121,37HOUTSIDE BRACKET MEAN SPAN (SET NO. 1,2,72

2 2A4)
3150 FORMAT (38X,11H(SET NO. 2),12X,F7.2,2A4)
3156 FORMAT (12X,37HlNSIDE BRACKET MEAN SPAN (SET NO. 1¾,12X,F7.2,

22A4)
3156 FORMAT (12X,37HINSIDE BRACKET MEAN SPAN (SET NO. 2),12X,F7.2,

2 2A4)
3165 FORMAT (12X,4SHTOTAL WETTED SURFACE AREA (BRACKET SET NO. 1),4X,

2 17,4H SQ .,2A4)
3170 FORMAT (38X, 19H(BRACKET SET NO. 2),4X,17,4H SQ. ,2A4)
3175 FORMAT (1OX,21HFIN CHARACTERISTICS -,/)I
3180 FORMAT (12X,33HFIN ROOT CHORD LENGTH (SET NO. i),161,F7.2,2A4)
3185 FORMAT (34X,11H(SET NO. 2`tlGX,F7.2,2A4)
3190 FORMAT (12X,33HFIN TIP CHU-i'D LENGTH (SET NO. 1¾,16X,F7.2,2A4)
3200 FORMAT (12X ,2SHFIN MEAN SPAN (SET NO. 1),24X,F7.2,2A4)
3205 FORMAT (26X,11H(SET NO. 2),24X,F7.2,2A4)
3210 FORMAT (12X,41HTOTAL WETTED SURFACE AREA (FIN SET NO. 1),8X,17,

2 4H SQ. ,2A4)
3215 FORMAT (38X,1SH(FIN SET NO. 2LB8X,17,4H SQ.,2A4)
3300 FORMAT (1HO,9X,39HNOTE: IF A "SET' REPRESENTS A PAIR OF

2 31HAPPENDAGES (E.G., BILGE KEELS),/.17X,I6HTHEN THE WETTED
2 46HSURFACE IS COMPUTED FOR THE TOTAL AREA OF BOTH./,17L,ý
2 liHAPPENDAGES.)

RETURN
END

C DECK BYO2D
SUBROUTINE EYD2DI

* fits upline to 2-dopotentials and forces as function of xreqftleLtY
* SGMA is array of frequencies
*PHI2D is array of 2-d velocity potentials

(freguency, node, mode)g
* PHELM is array of spline segments for PH12D versus SIGMA

COMMON /ENVIOR/ VK,NVK.MUJIMU,OMEGA.NOMEGA,SIGMA,NSIGMA,SIGWH,
I NSIGWH ,TMODALNTI4OD,NRANG,RANG,RLANG ,S,NNMU,FRNUM ,VFS

INTEGER NVK,NMU,NOMEGA,NSIGNANSIGWH,NTMOD,NRANG.NNMU(B)
REAL VK(8),MU (37,B),OMEGA(30),SIGMA(10), SIGWH(4),TMODAL(8),

2 RANG(B),RLANG(8),S(30,8),FRNUM(8),VFS(8)

COMMON /GEOM/ X.NSTATN,YZNOFSET,LPP,BEAM,DRAFT,LCF 
I

I VCG,GM ,DELGM .NEBLA .KPITCH,KROLI ,KYAW ,KYAWRL,AWP ,VCB ,FBDX ,FrsDY,
2 FBDZ,EFREBD.XPTYPT.ZPT.NPTSLCB.GMLASTAT,BSTAT.TITLE.MASS.
2 DISPLM.IPITCB,IROLL,IyAWIyAWR3L,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMI ,WSURF, GIRTH ,FBDZV ,DBLWL ,TLCB
INTEGER NSTATN,NOFSET(26) ,NFREBD.NPTS

C""A.ACTEflt4 TITLE(20)
REAL X(2E),Y(lO,2S),Zý(10,25),FBDZV(8,1O),LPP,BEAM4,DBLI.,TLCB.2DRAFT,LCF,VCGGM DELGM,NEBLAKPITCHKROLL KYAW,KYAWRL,AWP,VCB,

2 FBDX(l0),FBDy(10S,FBDZ(1O),IPT(10),YPT(@OSIZPT(1O),LCBGML
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4ASTAT(25) ,BSTAT(26),MASS,DISPLM,IPITCH,IROLL,IYAW,

6IYAWRL,CEIEAVE,CPITCH,CHEAPI,CROLLAREAMX,WSURF,GIRTH(25)

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDXLSVIDXI ~REAL PFIDX(2355 .R11DX(183) .SVIDX(3)
COMMON /10/ SYSFIL.POTFIL,COFFIL,LCOrIL,ICARD,TExFIL,IPRIN,

2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFT.L,LAEFIL

2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMsFIL,SEVFIL,SPDFIL,
2STINTEGER SYSAFILTFLCFILLrICDTEILPRN3 COMMON /PELEM/ PELEM
COMPLEX PELEM(4,1000)

COMMON /TWOD/ YY, ZZ, ENN, ISTA
INTEGER ISTAI REAL YY(10,25),ZZ(10,25),ENN(4,10,25)
COMPLEX P1112D(10 10 4) PHELM(4,9,40)
EQUIVALENCE (PELiM({,1 ,P11120(i,1,1)) ,(PELEM(i,101) ,PHELM(1,1,1))

READ (SCREIL) YY,ZZ,ENN,ISTA

DO 30 K=1,NSTATN
IPT = NOFSET(K)
IF (NPT .LT. 2) GO TO 30

* compute 2d potentials

CALL TWODPT (K,Y(i,K),ZWIK),NPTPHI2D)I * compute spline coeificients for PH112D

DO 20(L=154
LM =(L-15*10
DO 10 3=1,NPTI N LMCALL CPFIT (SIGMA,PHI2D(1,3,L),PHELM(1,1,M),NSIGMAJ

10 CONTINUE
2U CONTINUE3 * write spline coefficients to potential file

CALL WTPELM (KPPHELM)
30 CONTINUE

RETURN
END

C DECK HYDCAL
SUBROUTINE HYDCAL

COMMON /DATINP/ OPTE ,MOTN ,BSCFIL,VL.ACPRRAOPR,RLDMPR,DISPLMT,
2 LRAOPP,AD)RPR,ORGOPTI,GMNOM,KG,STATN(28),NSOFST(25),
2 NLEWPC2S) HLFBTH(10,25) ,WTRLNE(10,25) ,ELEWF(2&) ,TLEWF(25),£ 2 ALEALF(265 ,NPTLOC,PTNUMB(10) ,PTNAME,XPTLOC(10),YPTLOC(10)
2 ZPTLOC 10 .NBB,FBNUNB(10),FBNAME,XPTFBD(1O) ,YPTFBD(10),
2 ZPTFED(10 ,FBCODE(iO),PaIYPE,RDOT(10) ,VKDES,FNDES,
2 STATNM,STATIS

CHARACTER*4 PTNAME(8,10),FBNAME(8,10),STATNN(5),FBTYPE(3,10)I ~INTEGER OPTNMO1N ,BSCFILJVLACPRRAOPR.ADRPR, ELDMPR,FBCODE,
2 FBNUMH *P7111MB, ORGOPTI

REAL KG

COMMON /10/ SySFIL,POTFIL,CDrFIL,LCDFIL,ICARD,TEXFIL,IPRIN,
2. SCRFIL.HPLFIL.LRLAFILORGFILRAOFIL,RMSFIL,SEVFILSPDFIL,
2 SPTFIL,LACFIL.LAEFIL

INTEGER SYSFIL,POTFIL,COFFILLCOFIL,ICARD ,TEIFIL,IPRIN,

Z SCRFIL,EPLFIL,LRAFIL,ORGFIL.RAOFIL,RMSFIL,SEVFIL,SPDFIL,
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2 SPTFIL, LACFIL ,LAEFIL5

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,oEV,PRN,sMPPS,SMPIS,
2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS,LHALOS,LDEV,LPRN,LSMPPS,LSMPIS.LSMPOS,LSMPDS,LSHPTYPS,

2LSHIPS,LTITLESI
CHARACTER*860 FIS*SSO SS TE
CHARACTER*20 HALS,DEV,PRN,SMPS,TILSMISPOSPDHTP

CHARACTER SHIPS*6,VARS*2,CYCLS*2
INTEGER*2 OPTIONI

LOMOGIC TAL LAT,VRT,LOADSADDRES,SALT,HEAD,EXROLL,BKEEL

IF (OPTN .GT. 3) GO TO 10I

FIS = SDS(1:LSDS)//'.SCR'
OPEN (UNIT=SCRFIL,FILE=FIS,FORN='UNFORMATTED' ,STATUS='UNKNOWN')

FIS = SDS(1:LSDS)//'.POTI
OPEN (UNIT=POTFIL,FILE=FIS,STATUS='UNKNOWN',

2 ACCESS='DIRECT' ,RECL=1750)

FIS =SDSCI:LSDS)//'.COF'
OPEN (UNIT=COFFIL.,FILE=FIS,TPORMI='UNFORMATTED' ,STATrUS= 'UNKNOWN') S
FIS = SDS(1:LSDS)/'/'.LCO'
IF (LOADS)

2 OPEN (UNIT=LCOFIL,FILE=FIS ,FORM= 'UNFORMATTED' ,STATUS: 'UNKNOWN')
IS= '(/4X,"CALLING HYD2DKJ'

WRITE (*,AS)
WVITE (TEXFIL,AS)5

CALL EYU2D

AS = '(4X,"-ALLING T3DAMD')'
WRITE (*,AS

WRITE (TEXFXL.,AS)I

AS = ' 41,'CALLIFG COFOUT")'

WRITE *EFI,AS)I

"AL COPOUT

CLOSE ýUFUi=SCRFIL ICLOSE UNIT= POTFIL)
CLOSE (UNfl=COFF1L)
IF (LOADS) flLOSE. (UNIT=LCOFIL)3

IC' CONTUIWT E

EL TURN
END

CDECK INERST I
bUBROUJTINE JI'ERST (DMEaAE,TV,TL)

COMMON /GEOM/ X ,ISTATN ,Y ,Z ,NOPSET,LPP ,BEAM,DRAFT,LCF,
1 VCG ,GH-,IJELGM,NEBLA ,KPITCH ,KROLL,Y.YAW,KYAWEL, AWP ,VCB ,FBDX ,FBDY,I
2 FBDZ ,WFPEBD ,X?'TYP'I',ZPT,NPTS JLCB,GML ASTATBSTAT.TITLE,MASS,
2 DtSPLM,IPXTCH,1EOLL,IYAW,IYAWEL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREANXdVSUEF,GIETH,FBDZV DBLJLTLCB

INTEGER NSTATN,NOFSF/''(265 ,NFREBD,1iPTCS
CBARACTER*4_T:TLE(20)

RELX2. yl'G,Z/ rDZ.,o , TO ) __

2 DRAFTLCFVCG GM DELUM NVSLA KPV"rCHKROLL KYAWKYAWRL,AWP,VCB,
FBDX(10).FBDYt1OS,FBDzLO0),X1T(10),YPT(10S.ZPT(1O),LCB,GHL,
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4 ASTAT(25),BSTAT(25) ,MASS,DISPLM,IPITCII,IROLL,IYAW,
S IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTHI(25)

COMMON /STATE/ LAT,VRT,LOADS, ADDRES ,SALT,IIEAD,EXROLL ,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRESSALT ,HEAD ,EXROLL,BKEEL

COMPLEX TV(3,3),TL(3,3)

OMGE2 = OMEGAE*OMEGAE
IF (.NOT. VRT) GO TO 10

* vertical mode

* add mass) mass*vcg and inertia terms

TV(1,1) TV(1,1) - ONGE2*MASS
TV (1,3) TVl (13) - OMGE2*MASS*VCG
TV (2,2) TV (2,2) - OMGE2*MASS
TV (3,1) TV (3,1) - OMGE2*MASS*Vf;G
TV(3,3) =TV(3,3) - OMGE2*IPITCH

* add restoring terms

TV(2,2) =TV(2,2) + CHEAVE
TV (2,3) TV (2,3) + CHEAPI
TV (3,2) = TV (3,2) + CHEAPI
TV (3,3) = TV (3,3) + CPITCH

10 IF (.NOT. LAT) Go TO 20

* lateral mode

* add mass, mass*vcg and inertia terms

TL (1,1) = TL( 1, - OMGE2*MASS
TL(1,2 = TYI12) + OMCF.2*MASS*VCG
TL2 (2) =TL (2:1) + OMGE2*MASS*VCG
TL (2,2)= TL (2,2) OMGE2*IROLL
TL (2,3) = TL (2,3) OMGE2*IYAWRL
TL3 (32) = TL : (3,2 + MGE2*IYAWRL
TL 3,3)= TL(3 ,3) - OMGE2*IYAW

* add restoring term to roll

TL(2,2) = TL(2,2) + CROLL
20 CONTINUE

RETURN
END

C DECK INPUT
SUBROUTINE INPUTr

COMMON /10/ SYSFILPOTFIL, COFFIL,LCOFIL ,ICARD ,TEXFIL,IPLIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFL,.RAOFIL,RMSFIL,SEVFILSPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL ,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOSDEV,PRN,SMPPS,SMPIS,
2 SMPOSSMPDS,SIIPTYPS,SHIPS,VARS,CYCLS,TIThES,OPTION,LSIS,LSDS,
2 LSDS ,LHALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS ,LSEPTYPS,
2 LSRIPS,LTIThES
CHARACTER* 160 AS
CHARACTER*BO FIS ,SIS ,SOS .505,TITLES
CHARACTER*2O HALOS ,DEV ,PRN ,SMPPS .SMPIS ,SMPOSSMPDS,SHPTYPS
CHARACTER SHIPSSS ,VARS*2,CYLS*2
INTEGER*2 OPTION

WRIT (*,AS)

WRITE (TEXFIL,AS)
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CALL PRELIMI

FIS = SOS(1:LSDS)//'.OUTI
OPEN (UNIThIPRIN,FILE=FIS,STATUS='UNKNOWNI)

AS = ( 4X,-'CALLING AINPUTt)'
WRITE (,AS )
WRITE (TEXFIL.AS)

CALL AINPUT1

AS = '(4X,"CALLING READ")'
WRI TE (*AS )
WRITE (TEXFIL,AS)

CALL READ

AS '(4X,"CALLING ESTAT")'

WRITE T"' LAS' )a

CALL ESTAT

AS ' 4X7ýCALLING USTOUVT'

WRITE *HI,AS)I

CALL HSTOUT

RETURN
END

C DECK INTRPL
SUBROUTINE INTRPL (N,XN,YNM,XM,YM)U

* This routine obtains a liner resolution of a function using
* linear interpolation. The function is assumed to be zero
* outside of the frequency range of definition.

* W.G.MEYERS, DTNSRDC, 072877
DIMENSION XN(N),YN(N),XM(M),YM(M)

KL = I
KU = 2
DENMO = XN(KU) - XNCKL)
SLOPE =r0
IF (DENOM .GT. 0.) SLOPE = (YN(KU) -YN(KL)) /DENOM
DO 20 1=1,M
IF MM IT. INELj GO TO 20I
IF IN I .LE. IN KU GO TO 10

S XL =KL*+1
IF (XL .EQ, N) GO TO 30
KU = KU + 1I
IF (XH(I) .GT. IICKU)) GO TO 6
DENMO = XN(KU) - XN(KL)
SLOPE = 0.
IF (DENOM .GT. o.) SLOPE =(YN(KU) - YN(KL)) /DENMO

10 YN(I = YN(KL) + SLOPE * (XM(I) - XN(KL))I
20 CONTINUE
30 CONTINUE

RETURN
ENDI

C DECK IRGSEA
SUBROUTINE IKGSEA

COMMON /DATINP/ OPTN ,MOTN .BSCFIL,VLACPR,RAOPR.RLDMPR,DISPLNT,I
2 LRAOPR .ADRPR.ORGOPTN ,GMNNN,KG ,STATN(25) ,NSOFST(25),
2 NLEWFC2S) HLFBTH(10,25),WTRLNE(1O.2b),BLEbW-F(2b'),TLEWF('25),
2 AREALF(255,NPTLOC,PTNUMB(10),PTMAME,XPTLOC(1OLYýPTLOC (10)
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2 ZPTLOCIO) ,NBBFBNUMB(10),FBNAME,XPTFBD(10),YPTFBD(IO),
2 ZPTFBD1O) ,FBCODE(1O),FBTYPE,RDOT(1O),VKDES,FNDES,
2 STATNM,STATIS

CHARACTER*4 PTNAME(8,10),FBNAME(8,10),STATNK(S),FBIYPE(3,1O)
INTEGER OPTN,MOTNBSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,2 FBNUMB,PTNUMB,ORGOPTNREAL KG

IF (OPTN .EQ. 6 .OK. ORGOPTN *EQ. 1) GO TO 10
CALL RMSTOE

10 CONTINUE

RETURN
END

C DECK LIMIT
SUBROUTINE LIMIT (XLIM,YLIM,PSILIMHEAD,FRNO,DEGRAD,FTMETR)

* This routine determines the limiting values of surge, sway or yaw
regular wave dimensional transfer functions in quartering seas.

* This is to prevent blow-up for encounter fre5uencies near zero.
* surge artd sway limits are nondimensional. The yaw limit is
S* converted to deg/m from deg/ft as it was in the original
* source.
* W.G.MEYERS, DTNSRDC, 072977

VERSION I - CDC 6700 - L I M I T - NOVEMBER, 1973
S. BALES, A. E. BAITIS, W. MCCREIGHT

S lubroutine to impome limits on surge, uway, and yaw in quartering
Sand following seas to prevent blow-up for near zero encounter
* frequencies. Limits are selected from experimental data
* BAITIS - DE-1006 destroyer,
* WACHNIK & ZARNICK - A/C carrier,

TASAI - single screw tanker.

The limits should always be positive (surge) and may not be valid
for froude numbers > 0.4
Surge limit is a function of heading angle (degrees) and ship
speed (frauds number) and is in units of feet/feet.

XLIM = .8174 + 6.946 * FRNO - 0.020614 * HEAD
Sway limit is a function of heading angle (degrees) and is in
units of feet/feet.

5 YLIM = 0.0255 * HEAD + 0.3

* Yaw limit is a function of heading angle (degrees) and is in
units of degrees/feet. A constant wave slope of one degree

* is assumed.

IF ýýHEAD -40.) .LE. 0.005) PSILIM = 0.0206 * HEAD + 0.275
IF ((HEAD -40.) GT. 0.005) PSILIM 1.875 - 0.0193 * HEAD

* Yaw limit is converted to units of radians / meter

PSILIM = PSILIM * DEGRAD / FTMETR

RETURN
END

C DECK LRAO
SUBROUTINE LRAO (IM,NLNU,HOTV,SF3,SH3,SA33,SB33,V,COSMU,

2 OMEGA,OMEGAE,IP,RAO,PHS,NMOT,NOMEGA,IPHS)

COMMON /DATINP/ OPTI,MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPR,ADRPRORGOPTN,GMNOM,KG,STATN(26),NSOFST(26)
2 -- 'r\n-nn41l ,2S) WrTRTXE(1 s25) RT.VF(STLEWF(25).
2 AREALF(25),NPTLOC,PTNUMB(0O),PTNAME,XPTLOC(10),),
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2ZPTLOC(10) NBB,FBNUMB(10),FBNAME,XPTFBD(1O),YPTFBD(IO),I

2 ZPTFBD(1O),FBCODE(IO),FBTYPE,RLDOT(I0),VKDES,FNDES,
2 STATNMSTATIS

CHARACTER*4 PTNAME(8,1O),FBNAME(8,1O).STATNM(S) ,FBTYPE(3,1O)
INTEGER OPTN,MOTN,BSCFILVLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,
2FBNUMB ,PTNUMB ,ORGOPTNI

COMMON /GEOM/ X.NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBLA,I(PITCHKROLL,1{YAW,KYAWRL,AW~P,VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCBGML,ASTAT,BSTAT,TITLE,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX,WSURFGIRTH,FBDZV ,DBLWL,TLCB
INTEGER NSTATN ,NOFSET(26) ,NFREBD,WPTS
CHARACTER*4 TITI.E(20)
REAL X(25),Y(I0.2E),2ý(10,25),FBDZX'(8,10).LPPBEAM,DBLWL,TLCB,a

2 DRAFT,LCF,VCGGM DELGMNEBLA KPITCI{,KROLL KYAV KYAWRL,AWP,VCB,
2 FBDX(IO) FBDY(1.0$,FBDZ(1O),XPT(I0),YPT(105,ZPT(10),LCB,GML,
4 ASTAT(255,BSTAT(25),MASS,DISPLM,IPITCH.IROLL,IYAW,
6 IYAWRL,CHEAVE,CPITCH,CHEAPI.CROLL1 AREAMX,WSURP,GIRTH(25)

COMMON /LOADS/ NLOADS,SWGHT(25) ,SMASS(25) ,XLDSTN(1O) ,XLDXPT(25),
2 LSTATN(25)

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO.GNU,RHOSRHOF,GNUSGNUF.FTMETR5 PUNITS,REYSCLCOMPLEX II

CHARACTER*4 PUNITS(2)
REAL TPI ,PI,PIOTDEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RIIOS,

I RHOF,GNUS,GNUFFTMETRI
COMPLEX MOTV(NMOT,NOMEGA) .IWE,VIWE,HEAVE,HEAVEL,HEAACC.PITCH,

2 PITVEL,PITACC .VERVEL,VERACC ,ZERO, INERTRESTOR,EXCIT,CEP,
2 HYDROLOAD.SF3(25,NOMEGA),SH3(25,NOMEGA)
COMPLEX STEMP(25) ELEMS(4,25),EXF,SAB33(2&) ,CDUM,HY&D CSum
DIMENSION RAO (NOMEGA) ,PHS(NOMEGA),OMEGA(NOMEGA) .OMEGiE(NOMEGA) I
DIMENSION SA33(25,NOMEGA) ,SB33(25,NOMEGA)
CHARACTER*4 METER

DATA METER /'METE'/

ZERO = (0.,0.)
XP =XLDXPT(Ip)
KSTATH = LSTATN(IP) - I
XPS =NSTATN - ICSTATN + 1
V2 = V*V
CON =1000
IF (PUNITs(l) .NE. METER) CON =2240

RHOG =RHO*GRAV
DO 100 I=NLtNU

W=OMEGA(I,
WN =W*W/GRAV
TEST .006*TPI/LPP
ARGLI - WN*COSMU I
IF (ABS(ARGLI .LE. TEST) ARGLI 0.
WE =OMEGAE(
WE2 = WE*WE
IWE =II*WE
VIWE =V/IWE
VWE2 =V/WE2
V2WE2 =V2/WE2
HEAVE = MOTV(2,I)
HEAVEL =IWE*HEAVE
HEAACC = IWE*HEAVEL

PITVEL = IWE*PITCH
PITACC = IWE*PITVEL
VERV7-L = HEAVEL - XP*PITVEL
VFRkCC =HEAACC - IP*PITACC

* inertia termI
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3 INERT = ZERO
Ni = KSTATN + 1
DO 10 K=M1,NSTATN
STENP(K = SNASS(K)*(HEAACC_- X N*ITACC)
IF (IN .EQ. 13) STEMP(KW (X (K) -P)*STEMP(K)
INERT = INERT + STEMP(K

10 CONTINUE

* restoring termIDO 20 K=KS^ 'ATN,NSTATN
NPT =NOFSET(K)
SHEAN = 2*Y(NPT,K)
STENP(K = SBEAN*(HEAVE -X(K)*FITCE)

IF ýIN EQ. 11ý STEMP K = - STEMP(K
IF IN .EQ. 13STEMP K (X(K)-XP)*STE.MP(K)

20 CONTINUE
CALL CPFIT (XKsTATN) ,STENP (KSTATN) ,ELEMS,NPS)
CALL CPINTG (xP,X(NSTATN) ,X (KSTATN)INPS,ELEMS,.0. RESTOR)
RESTOR =RHOC*RESTOR

* exciting term

DO 30 K=KSTATN,NSTATNI STENP(K) = SF3(K.I) + SH3(K,I)
IF (IN EQ, 13) STEMP(K) =-((X(K)-XP)*STEMP(K) +

2 VIWE*SH3('K.I))
30 CONTINUE

CALL CPFIT (x(KSTATN) STEMP(KSTATN) ,ELEMS.NPS)
CALL CPINTG (XP.X ISTATN .1 KSTATN) ,NPS,ELENARGLIaiCIT)

CALLCPFT (i STTN)SH3(KSTATN.I) ,ELEMS,NPS)
CALCPLVAL (XKSTATN$ NPSbELEMS,XP,EXF,CDUM,IELM)

CEP = CEXP(iI*XP*ARGLIS
EXCIT =EXCIT + VIWE*CEP*EXF

35 EXCIT = RHD*EXCIT

* hydrodynamic term

DO 40 1@KSTATN NSTATN

B33 SB5133 KjI
SAB3(K = 33+ TI*833

IF (IN .Eq. 11) STENP(K = (A33*(HEAACC-X(K)*PITACC) +
2833*(HEAVEL-X(K) *PITVEfL - VWE2*B33*PITACC + V*A33*PITVEL)
IF (IN EQ. 13) STENP(K =(X(K)-XP)*(A33*(HEAACC--X(K)*PITACC)

2 + B33*(HEAVEL-X(K)*PITVEL)) 4 (Vt'A3SCVERVEL --VWE2*B33*VERACC
2 - V2WE24'(A33*PITACC + 833*PITVEL))

40 CONTINUE£ ~CALL CPFIT (XCKSTATN),STENP KSTATN).ELENS,NPS)
CALL CPINTG (XP,X(N.STATN)N,X KSTATN *NPS,ELEMS,0.RFYDRO)
IF (.NOT. IM.EQ.11) GO TO 45
CALL CPFIT (X(KSTATN) SA833(KSTATN) ,ELENS,NPS)
CALL CPLVAL (X(KSTATN5 ,NPS ,ELEMS ,XP,IIYD .CDUH, IELM)V A33 = REALCHYD)
B33 = AIMAG(HYD)
HYDRO =HYDRO - (V*A33*VERVEL - VWE2*B33*VERACC -

2 V2WE2*(A33*PITACC + B33*PITVEL))I45 CONTINUE
CSUN RESTOR + EXCIT + HYDRO
LOAD = INERT - CSUN
LOAD = LOAD/CON
CALL RAOPHA (LOAD,RAO(I).P115(I) ,RADDEG,IPES)

100 CONTINUE
RETURN
END

CDECK LRAOUT
SUBROUTINE LRAOUT

COMMON /DATINP/ OPIN,NOTN.BSCFIL.VLACPR.RAOPR.RLDMPR,DISPLMT,
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2 LRAOPR,ADRPR,ORGOPTN,GMNOM,KG,STATN(-5) ,NSOFST(25),I
2 NLEWF(25) HLFBTH(10,2E,),WTRLNE(1O,25),BLEWF(25),TLEWF(25),
2 AREALF(25S.,NPTLOC,PTNUMB(1O),PTNAME,XPTLOC(1O),YPTLOC(IO),
2 ZPTLOC( 1O),NBBFBNUMB(1O),FBNAME,XPTFBD(lO),YPTFBD(10),
2 ZPTFBD (10) :FBCODE(1O),F1BTYPEAWDOT(10) ,VKDESFNDES,
2 STATNM,STATIS£
CHARACTER*4 PTNANE(8,1O),FflNAME(8,1O),STATNM(S),FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,

2 FBNUMB.*PTNUMB ,ORGOPTN
REAL KG

COMMON /ENVIOR/ VKNVK,HU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,I
I NSIGWH,THODAL,NTMOD,NRANG,RANG.RLANG,S.NNMU,FRNUM,VFs

INTEGER NVK.NMU,NOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG NNMU(8)
REAL VK(8),MU(37,8),OMEGA(30),SIGMA(10) SIGWH(4),TMODAL(8),

2 RANG(S) ,RLANG (8),S (3O,8),FRNUM(8),VFS(8i
COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAH,DRAFT,LCF,

I VCG,GM,DELGMNEBLA,KPITCH,KROLL.KYAW,}KYAWRL,AWP,VCB,FBDX,FBDY,
2 FEDZ,NFREBD,XPT,YPTIZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
2 AREAMX,WSUH,GIRTH ,FBDZV DBLWRL,LCB IPTCHAIRLL
2 DISPLMX,IPIH,GIROLL,IYAWIYAWR LCHEVPTHCHAICO

INTEGER NSTATN ,NOFSET(20, NFREBiD,NPTS
CIIARACTER*4 TITLE(20)
REAL X(25),Y(i0,25),Z(10,2S).FBDZV(8,1O),LPP.BEAM,DBLWL,TLCB,

2 DRAFT,LCFVCG GM DELGM NEBLA KPITCH KROLL KYAW KYAWRLAWP,VCB,
2 FBDX(i0),FBDYU105,FBDZUIO),XPT(1O),YPT(105,ZPT(1o).LCB,GML,
4 ASTAT(26),BSTAT(25),MASS,DISPI.M,IP1TCH,IROLL,IYAW,
5 IYAWRL.CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURFGIRTH(2S)J

COMMON /10/ SYSFIL,FOTFIL.COFFIL,LCOFIL,ICARD.TEXFIL,IPRIN,
2 SCRFILHPLFIL,LRAFIL,URGFlL,RLAOFILRMSFIL,SEVFIL,SPDFIL,
2 SPTFIL.LACFIL.LAEFIL
INTEGER SYSFIL,POTFIL,COFFILLCOFILICARD,TEXFIL,IPRIN,
2SCRFILHPLFIL,LRAFIL,ORGFILRAOFIL,RMSFILSEVFILSPDFIL,

2 SPTFIL.,LACFIL,LAEFIL

COMMON /LOADS/ NLOADS,SWGHT(25) ,SMASS*2&) ,XLDSTN(10) .XLDXPT(2S),
2 LSTATN(25)

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG.VKMETR,METRVK,GRAV,
2 RHO .GNU,RHOS ,RHOFGNUS ,GNUF,FTMETR,PUNITS ,REYSCL
COMPLEX II
CHARLCTER*4 PUN ITS (2)
REAL TPI ,PI ,PIOT,DEGRAD ,RADDEGVKMETR.METRtVK ,GRAV,RHOGNU ,RHOS,I

1 RHOF ,GNUS, GNUP*F,1'METR

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN.SMPPS,SMPIS,
2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLESOPTION,LSIS,LSOS,
2 LSDS,LHALOS,LDEV,LPRN,LSMPPS ,LSMPIS,LSMPOS,LSMPDS ,LSHPTYPS,
2 LSHIPS,LTITLES
CHARACTER* 160 AS
CHARACTER*80 FISSIS .SOS,SDS ,TITLES
CHARACTER*20 HALOS.DE.V ,PRN ,SMPPS .SMPIS ,SMPOS,SMPDS,SHPTYPSI
CHARACTER SHIPS*6,VAPS*2,CYCLS*2
INTEGER*2 OPTION

COMMON /STATE/ LAT,VRT,LOADS ,ADDRES ,SALTHEAD,EXROLL,BKEEL

LOGICAL LAT,VRT,LOADSADDRES,SALT,HEAD ,EXROLL,BKEEL '
COMPLEX MOTV(3 30) MOTL(3,30,8),HJV(3,30),EJL(3,30),H7(30),

2 SF3(25,30) SH(2R25,O)
DIMENSION SA33(26,30) ,SB33(25 30),OMEGAE(30),VSFRAO(30),
2VSFPHS(30),VBMRAO(3O) ,VBMPHS(30) f
CHARACTER*2 UNITS

DATA METER /'METEV/

IF (PUNITS(l) :NE. MEE)UNT FT'



FIS = SDS(1:LSDS)//'.ORG'
OPEN (UNIT=ORGFIL.,FILL=FISFORM 'UNFORMATTED ,STATUS='UNKNOWN')

FIS =SDS(1:LSDS)/ /'".LCO'
OPEN (UNIT=LC0FIL,FILE=FIS,FORM='UNFORMATTED' .STATUS='UNKNOWN')

FIS =SDS(1:LSDS)//'.LRA'
OPEN (UNIT=LRAFIL,FILE=FIS,FORM='UNFORMATTED' ,STATUS?'UNKNOWN')

READ (ORGFIL) TITLE,NVK.NMU,NOMEGA,OMEGA,NRANG,RLANG,VRT.LAT,
2 ADDRES,.LPP,BEAM,DRAFT,DISPLM,GM,DELGM,KG,KROLL,LCBGRAVRHO,
2 VKDES,VKINCDBLWL

WRITE (LRAFIL) TITLE,NOMEGA,OMEGA,NVK,NMU,LPP,BEAM,DRAF'T,DISPLM,
2 GM,DELGM,KG,KROLL,LCB,DBLWL,GRAV,NSTATN,STATN,NLOADS,SWGHT,SMASS,
2 XLDSTN,XLDXPT,X

DO 300 IV=1,NVK
DO 2U0 IH=1,NMU
READ (ORGFIL) VKNOTS .HEADNG ,OMEGAE
IF (VRT) READ (ORGF IL) MOTV
IF (LAT) READ (ORGFfL) MOTL
IF (ADDRES) READ (ORGFIL) HJV,HJL,117
HDNG =180. - HEADNG
COSMU COS(MU(IH,IV))
DO 10 IW=1,NOMEGA
READ (LCOFIL) (SF3(I,IW),SH3(I,IW).SA33(IIW),SB33(I,IW),

2 I=1,NSTATN)
10 CONTINUE

DO 100 IP=1,NLOADS
IM =11
CALL LRAO (IM,1,WOMEGA,MOTV,SF3,SH3,SA33,SB33,VFS(IV),COSMU,

2 OMEGA.OMEGAE,IP,VSFRAO,VSFPHS,.,NOMEGA,1)
IM = 13
CALL LRAO (IM,1.NOMF.GA.mnTV,SF3,SH3,SA33.SB33.VFS(IV),COSMU.

2 OMEGA.OMEGAE,IP,VflMRAO,VBMPH- 3 NOMEGA,l)
WRITE (IPRIN,1000) TITLE,XLDSTN(IP) ,VKNOTSHDNG

1000 FORMAT (1H1,/,28X,20A4,//!,43X,
2 33HLOAD RESPONSE AMPLITUDE OPERATORS
2 18H (RAOs) AND PHASES,///,60X,7HSTATION,F5.1,///,85X,
2 12HSHIP SPEED = F6.0,6H KNOTS,/,S3X,14HSHIP HEADING
2 F5.0,8H DEGREES

C WRITE (IPRIN,1030) TMODAL(KS),STATIS,(STATNM(I).1=1,3)
C1030 FORMAT (/54X'MODAL PERIOD 'IF4.0' SECONDS'/54X'STATISTIC ='FS.2,
C 2 ' 'A''/

WRITE (IPRIN,101O) UNITS
1010 FORMAT (//,20X 11HV.SHEAR(V3),9X,IOHV.MOM.(VE)./,2X,

2 12HOMEGA OMEGAE,4X,2(l5HAMPL. PHASE.'4X),/,4X,3HRPS,4X,3HRkPS,
2 4X,SH TONS,6X,3HDEG,4X,A2,5H-TONS,&X,3HDEG1 /)

DO 20 IW=1.NOI4EGA
WRITE (TPRTN.1020) OMEGA(IW)1OMEGAE(IW).VSFRAO(IW).VSFPHS(IW),

2 VBMRAO(IW),VfiMPHS(IW)
1020 FORMAT (2Fi.3,2(lPE12.4,OPF7.1))

20 CONTINUE
WRITE CIPRIN,2100)

2100 FORMAT )/2XNOTES: 1) VERTICAL RAOS ARE
* 'LINEAR AND INDEPENDANT OF SEA STATE.'! 9X'2) LATERAL RADS
* 'ARE NONLINEAR AND CHANGE WITH SEA STATE AND
2 'STATISTIC.')

IF (PUNITSl (1 EQ. METER) WRITE (IPRIN,2i10)
IF (PUITS I1 .NE METER WRITE (IPRIN,2120ý

2110 FORMAT (91'3 AIMPL. IS IN (PHYS.UXITSIMETER)',2H**, '2 AND PHASE
2 'IS IN DEGREES.')

2120 FORMAT (gX'3) AMPL. IS IN CPHYS.UNITS/FOOT)',2H**,'2 AND PHASE
2 'IS IN DEGREES.')

WRITE CIPRIN 2130)
2130 FORMAT (9X'45 READING CONVENTION: 0 DEG=HEAD, 90 DEG=STBD BEAM,

2 '180 DEG=FOLLOVING SEAS.')
C WRITE (IPRIN,1030)

CI0;C FOnXA um "Nv ,46HmOTE: HEADING~f CONVEN7~TION: A DE.-~Ef.~ R
C 2 36H STBD BEAM 180 DEG= FOLLOWING SEAS.)

WRITE (LRAFIL XLDSTN(IP) ,VKN3TS,Hi)NG,OMEGAE,VSFRAO,VSFPHS,



2 VBMRAO,VBMPRSI
100 CONTINUE
200 CONTINUE
300 CONTINUE

CLOSE ýUNIT=ORGFIL I
CLOSE UNIT=LCOFIL
CLOSE (UNIT=LRAFIL)

RETURN
ENDI

C DECK LSCOF
SUBROUTINE LSCOP (OMEGAOMEGAE.IAPAM,SPAN.MCHORD,AREA,LCS,

2 GAMMAXCP.YCP,ZCP,TLG,EXCLG,TLGC,EXCLGC)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
2 IMMIN,IMMAX,IMDEL,LM-kN,LMAX

REAL SIGMIN,SIGMAX,VSINMU,COSMUPWTSI(4)
INTEGER ISIGMAIMMIN,IMMAX,IMDEL,LMIN.LMAX

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,.BEAM,DRAFT.LCF,
I VCG,CM,DELGM,NEI3LA ,KPITCH,KROLL,KYAW,XYAWRL*AWP,VCB,FBDX,FBDY,
2 FEDZNFREBDXPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT.TI'1LE,MASS,

2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE.CPITCH,CHEAPI,CROLL,I
2 AREAMX ,WSURF ,GIRTH ,FBDZV DBLWL,TLCB

INTEGER NSTATN .NOFSET(2&S ,NFRBBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(l0,25),Z(10,25),FBDZV(8,l0),LPP,BEAM,DbLWL.,TLCB,

2 DRAFTLCF,VCG,GM.DELGM.NEBLA,KPITCHKROLL KYAWKYAIJRL,AWP,VCE,
4 ASTAT(265,BSTAT('25),MASSDISPLM,IPITCH,IROLL,IYAW,
5 IYAWRL,CHEAVE,CPITCH.CHEAPI,CROLL,AREAMX,WSURF,GIRTH(25)

COMMON /HULL/ A265

COMMON /PHYSCO/ II ,TPI.PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RBO,GNU,RHOs,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL

COMPLEX II
CHARACTER*4 PUN ITS (2)I
REAL TPI, PI, PIOT, DEGRAD, RADDEG, VKMETR, METRVK,GRAV, RHO, GNU, RHOS,

1 RHOF,GNUS ,GNUF,FrMETR

COMPLEX TLG(3,3),EXCLG(3),TLGC(3,3),EXCLGC(3).F2,DF2,DF4,DF6
COMPLEX TF(3,3)
COMPLEX VIW ,ZR,CTEMP
REAL MCEORDbLCS
REAL 144G
LOGICAL HULL

EXTERNAL EXP

OMGE2 =OMEGAE*OMECAE

ZERO =(o.,o.)I
VIW = V/(II*OMEGAE)
V2W2 =(V/OnEGAE)**2
CK =OMEGA*PMEGA/GRAV
SINGAM =SIN GAMMA*DEGRAD)
COSGAM =COS (GAMMA*DEGRAO (
SIN20M = SINGAN*SINGAH
ARC = - CK*(XCP*COSMU + YCP*SINMU)
FZ =(RHO/2)*AREA4'V*LCS
YHAT =YCP*COSGAM + ZCP*SINGAM
AP = 0I
IF (IAPAM .ME. 1) GO TO

* added-mass due to bilgokeel

144G = MASS. CKROLL*BEAM)**2I
CE = NEBLA/(LPP*BEAM*DRAFT)
DA44BK =(.184 - .36S*CB + .299'.Ub*Cb).I44G/2
AP = DA44BK/(YHAT*YHAT)
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3OT
6IF (IAPAM .EQ. 0) GO TO 8

* rudder or fin added-mass

'IAP =PI*RHO*SPAN*(MCHORLD/2)**2
HULL = .FALSE.
IF (NCHORD .EQ. LPP) HULL .TRUE.
IF (.NOT. HULL) GO TO 52

hull

DF2 =ZERO
DF4 = ZEROI DF6 =ZERO
SP, = 0
DO 42 L=1.NSTATN
IF (L -EQ. 1) DX = (X(2) - X(1))/2

IF .LEQ. NSTATN) DX (x(NSTATN) -X(NSTATN~-I))/2

IF .GT.1 AND. L.LT.NSTATN) DX = (X(L+1) -X(L-1'))/2

DX GO TO 42X
NPT = NOFSET(L
IF(NPTLT GTO4

A = T*DX
SP =SP + A
F2 =FZ#ONEGA*(SINGAN.SINMU - II.COSGAN)*I 2 CEXP(CK*(Z2 - II*X(L)COSMU))
CTEMP = F2*SINGAM*A
DF2 = DF2 + CTEMP
DF6 = DF6 + X(L).CTEMP + VIW*CTEHP

42 CONTINUE
DF2 =DF2/SP
DFC, D= jZ

NP CB/CX3.. GO TO 62
52 CONTINUE

F2 =(FZ + II*ONEGAE*AP)*OMEGA* (SINGAM*SINNU II*COSGAH)
2 *EXP(CH*ZCP)*(COS(ARG) + II*SI N (ARG))a DF2 =F2*SINGAN

DF4 =- F2*YHAT
DF6 = XCP*DF2

62 CONTINUE
DA22 =AP*SIN2GMI DB22 =FZ"'SIN2GN
DA24 =- AP*YHAT*SINGAN
DB24 =- FZ*YBAT*SINGAN
DA2G =XCP*DA22
DB26 XCP*DB22 - V*DA22
DC26 =- V*D822
DA42 DA24
DB42 =DB24
DA44 = AP*YHAT'*YRAT
DB44 = FZ4'YHAT*YHATIDA46 - XCP*D124
DB4S = ICP*DB24 - V*DA24
DC46 = - V*D924
DA62 = DA26
DB62 = XCP*DB22 + V*DA22
DC62 = V*DB22
DA64 =DA46
DB64 = XCP*DB24 + V*DA24
DC64 = V*DB24
DA66G XCP*XCP*DA22
IF l.OT. HULL) DB66 =ICP*XCP*D822 + v2W2*DB22

IF HL)DB66 =(CP'PLPP/2)**2 * DB22 + V*A26 4 V2W2*D822DC6=-VVVZ



TF = - OGE2*DA24 + II*OMEGAE*DB24ITF 1:3 .=D + DC26 +II*OMEGAE*DB2G

TF (2,2) = - OMGE2*DA44 + II*OMEGAE*DB44
TF$2 3) =-OMGE2*DA4S + DC46 + II*OMEGAE*DB46
TFý31 = O MGE2*DA26 + DCG2 + II*OMEGAE*DBG2
TF 3:2=-OMGE2*DA46 + DC64 + II*OMEGAE*DB64
TF3 3 U=- MUE2*DA66 + 0066 + II*OMEGAE*D866
DO 20 I=1,3
DO 10 3= 1,3
TLGC(I,J) = TLG(I,3) + TF(I,J)U

20 CONTINUE
20 XCLGC(I)NU E XCG1 F

EXCLGC(2) = EXCLG(2 + 0F4
I .NOT. HULL) EXCLGC(3) = EXCLG(3) + DF6 + VIW*DF2I

IF HULL) EXCLGC(3) =EXCLG(3) + DFG

RETURN
END

C DECK NORMALI
SUBROUTINE NORMAL (PSEGS)

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAPT,LCF,I
1 VCG,GM,DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRL,AWP,VCB,FBUX,FBDY.
2 FBDZ,NFREBD,XPT,YPT.ZPT,NPTS,LCB,GMLASTAT,BSTAT,TITLE,MASS,
2 DISPLM,IPITCHIROLL IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX ,WSURF,GIRTH ,*BDZV ,DBLWL,TLCB

INTEGER NSTATNNOFSET(25),NFREBD,NPTSI
REAL X(25),Y(10,25),Z(10,25),FBDZV(B,1O),LPP,BEAM,DBLWL,TLCB,

2 DRAFT,LCF,VCG,GM DELGMNEBLA,KPITCHKROLL KYAW KYAWRL,AWP,VCB,
2 FBDX(10) FBDY(1OSFBOZ(10),XPT(1O),YPT(105,ZPTUOL)LCB,GML,
4ASTATC2SS .BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,I

S IYAWRL,CHEAVE,CPITCH ,CHEAPI ,CROLL,AREAMI,WSURLF,GIRTH(2S)

COMMON /WGHTS/ WTULNORM
REAL WTDL(1O,25) ,NORHA, ±0,25)

DIMENSION PSEGS(B 9,25)1
DIMENSION V(2). Pt2), PT(2). P14(2,5), SEGS(8,4), NDI(2),

2 ENDI(2.2)

DATA 101, ENDI / 2 * 1 4 *0.0/I
*calculate 2d normals (n2, n3, n4) at nodes

DO 100 K1I,NSTATN
NP = NOFSET(K
IF (NP .LT. 2ý GO TO 100
DO 50 J=1,NP
IF (3 .EQ. NP) GO TO 20
CY = PSEGS(3,3,K)
CZ =PSEGS(4,3,K)I
GO TO 30

20 CONTINUE
33 = 3 - 1
CY = PSEGS7 733,K)

30 CONTINUEI
DEN =SQRT (CYe'CY + CZ*CZ)
IF ( DEN .GT. 0.o) GO TO 40
NORM 2,3,K) = 0.03
NORM 3,3,E) = 0.0
GO TO 45

40 CONTINUE
NORM(2 2.,8 = -CZ /DEN
NORM (3,3,K)= CY IDEN I
NORN(4.3.K) = Y(3,K)*NORM(3,3,K) -Z(3,K)*NORM(2,3,K)

so CONTINUE
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100 CONTINUE

* calculate longitudinal normals (ni) at nodes

DO 500 K=1,NSTATN
NP = NOFSET(K)
IF (NP .LT. 2) GO TO S00
NSEGS = NP - I
IB = K - 2
IF (IB .GT. 1) GO TO 150
IB = 1
IF (NOFSET(1) .LT. 2) IB 2

150 CONTINUE
IE = IB + 4
IF (IE .LT. NSTATN) GO TO 200
IE = NSTATN
IF (NOFSET(NSTATN) .LT. 2) IE = NSTATN - 1
IB = IE - 4

200 CONTINUE
DO 400 J=1,NP
II = 0
P(I) = Y(JK)
PM2 = z(JK)
V1)= NORM(3,J,K)
V(2) = -NORM(2,J,K)
DO 300 I=IBIE
IF (I .NE. K) GO TO 220
II = II + 1
IK = II
PT(1) = P(1)
PT(2) = P(2)
PM(2,11) = 0.0
GO TO 290

220 CONTINUE
NSEGS = NOFSET(I) - 1
CALL SPPLV2 (V P. PSEGS(1,1,I), NSEGS, PT, NI, YI, INT)
IF (INT .NE. I1 GO TO 300
II II + 1
DY -PT (i) - P( 1lDZ PT(2)- P(2
AA = SQRT (DY*DY + DZ*DZ)
BB = DY*NORM(2,J,K) + DZ*NORM(3,JK)
IF (BB .NE. 0.0) GO TO 280
PM(2,II) = 0.0
GO TO 290

280 CONTINUE
PM(2,II) = AA * BB / ABS(BB)

290 CONTINUE
PM(III) = X(I)

300 CONTINUE
IF (II .GT. 1) GO TO 320
NORM(I,.J,K) = -0.0
GO TO 400

320 CONTINUE
CALL SPLNT2 (SEGS, PH, II, NDI, ENDI)
IF (IK .EQ. I) GO TO 340
CX = SGSE3,IK)
CM = SEGS(4,IK)
GO TO 360

340 CONTINUE
IKK = IK - 1
CX = SEGS(7,IKK)
CM SEGS(8,IKK)

360 CONTINUE
NORM(I,J,K) = -CM / SQRT (CX*CX + CM*CM)

400 CONTINUE
500 CONTINUE

RETURN
END

C DECK NORMTS
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SUBROUTINE NORMTS (PSEGS)I

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM.NEBLA,KPITCH,KROLL.KYAW.KyAWRL,AWP,VCB,FBDX,FBDY,
2 PBDZ,NFREBD,XPT,YPT,ZPTNPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
2 DISPLM,lIPTCB,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,I
2 AREAMX.WSURF,GIRTH,FBDZV DBTWLTLCB

INTEGER NSTATN,NOFSET(255 .FREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(28).Y(10,2S),Z(10,28),FBDZV(8,10),LPP,BEAM,DBLWL,TLCB,
2DRAFTL.CF,VCG,GM,DELGM,NEBLA,KPITCH,XROLL,KYAW,KYAWRL,AWP,VCB,I

2BD(10 FBDY(10),FBDZ(10),XPT(10),YPT(1O),ZPT(I0),LCB,GML,
4ASTAT(253,BSTAT(28),MASS,DISPLM,IPITCM.IROLL.IYAW.
S IYAWRL,CEEAVE,CPITCH,CHEAPI,CROLL,AREAMXWSURF,GIRTH(25)

COMMON /TWOD/ VYY UZ, ENN, ISTA
INTEGER ISTA
REAL YY(i0,28),ZZ(10,25),EA4N(4,10,25')

DIMENSION PSEGS(8,9,25) CC(14)
DIMENSION V(2), P(2): PTV2), PM(2.S), SEGS(8,4). NDI(2),I

DATA NDI, ENDI / 2 * 1, 4 *0.0/

*calculate 2d normals (n2, n3, n4) at midpointsI

T =0.8
T2 =0.25
T3 =0,126
DO 100 KI1,NSTATNI
UP =NOFSET(K - 1
IF (NP .LT. 1) GO TO 100
DO SO 3=1,NP
CALL CUBCO2 (PSEGS(1.3.K). CC)
YY(3K CC = 1 C *T3 + CC(S *T2 + CC(S) *T + CC(7
ZZ(3,K) = CC2)*T3 +CC(4)*T2 + CCý6)*T + CC(S)
CY CC( 9):T2 + CC (11)*T + CC(S)
CZ a CC(10)*T2 + CC (12)*T + 00(6)
DEN = SQRT (CY*CY +CZ*CZ)I
IF (DEN .GT. 0.0) GO TO 40

2i (2, E = 0.0
ENN (,JK)= 0.0
GO TO 45

40 CONTINUEI
ENN(2,3,K) =-CZ / DEN
ENN(3,J,K) =CY / DEN

45 CONTINUE
ENN(4.3,K) = YY(J,K)*ENN(3,3,K) -zZ(3,K)*ENN(2,3,K)

50 CONTINUE

YYýJK) =0.5* TY(NF,K)

BiN\2,,K)= 0.0I
BiNN(3.3,K) -10.0

ENN (4,3,K)= -YY(3,K)
100 CONTINUE

*calculate longitudinal normals (ni) at midpoints

DO 500 K=i,NSTATN
NP = NOFSETCK - 1
IF (NP .LT. i) GO TO 500I

IB K - 2
IF (18 .GT. 1) GO TO 150

IF (NOFSET(i) .LT. 2) lB = 2

150 (I C LNTV . 'N STATN) GO TO 200
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I IE = NSTATN

IF (NOFSET(NSTATN) .LT. 2) IE NSTATN - 1
IB = IE - 4

200 CONTINUE
DO 400 J=I,NP
II = 0P(I) = YYMJKý

P25= ZZ 3,3 V = 2EN3,JKV 2 =-ENN(2,JK)
DO 300 I=IB.IE
IF (I .NE. K) GO TO 220II =II" +
1K =II

PTý1ý z Pý1ý
PT 2)
PM(2,11) = 0.0
GO TO 290

220 CONTINUE
NSEGS = NOFSET(I) - I
CALL SPPLV2 (V, P, PSEGS(!,1,'), NSEGS, PT, NI, Ti, INT)
IF (INT .NE.1) TO 300
II =II+I

DY = PT(1) - P(1)
DZ = PT(2) - P(2)
AA = SQRT (DY*DY + DZ*DZ)
SB = DY*ENN(2,J,K) + DZ*ENN(3,J,K)
IF (BB .NE. 0.0) GO TO 280
P14(2,11) = 0.0
GO TO 290

280 CONTINUE
PM(2,II) = AA * BB / ABS(BB)

290 CONTINUE
PM(I,1i) = X(I)

300 CONTINUE
IFI .GT. i) GO TO 320ENN(11,J,K) 0-.0
GO TO 400

320 CONTINUE
CALL SPLNT2 (SEGS, PM, II, NDI, ENDI)
IF (IK .EF. II$ GO TO 340
CX = SEGS ý,IK
CM = SEGS 4,IK
GO TO 360

340 CONTINUE
IKK =IK - ICX =SEGSý7, ME" CH SEGS 8,IKK

360 CONTINUE
ENN(I,JK) = -CM I SQRT (CX*CX + CM*CM)

400 CONTINUE
500 CONTINUE

RETURN
END

C DECK ORAO
SUBROUTINE OEAO (IM,NL,NU,MOTVHOTL,RAO,PHS,NMOT,NOMEGA,

2 RADDEG,IPHS)

* This routine obtains the six degree of freedom response amplitude
i+ operators and phase angles (degrees) for waves from both port
* and starboard headings.
* W.G.MEYERS, DTNSRDC, 100677

COMPLEX MOTV(NMOTJOMEGA) MOTL(NMOT,NOMEGA),TFN
DIMENSION RAO(NOMEGA),PHStNOMEGA)

DO 10 I=NL,NU
TV (TM -P0- i) TFN = MOTV(1.I) I
IF (IM .EQ. 2) TFN = MOTL(1,I)3 IF (IM .EQ. 3) TFN = MOTV(2,I)
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IF (IN .EQ. 4) TEN = MDTL(2,I)
IF IMK EQ. 5) TEN = MOTV(3,I)
IF (IM EQ. 6) TEN = MOTL(3,I)
IF (IN GT. 3) TEN = TEN * RADDEG
CALL RAOPHA (TFN,RAO(I),PIIS(I),RADDEGPIPHS)

10 CONTINUE

RETURN
END

C DECK ORGRAG
SUBROUTINE ORGRAO (RLANG,NRANG,RLANS,MOTV,MOTL,NOMEGA,IM,RAO.PXS,

2 RADDEG)

DIMENSION RLANG(ý ,RAO(30,6) ,PHS(30,6)I
COMPLEX MOTV(3 .30 :MOTL(3,30,B¾,CTEN

DO 70 IW1I,NOMEGA

* GO TO (1O,20,30,40,5O,60),IM1

surge

10 CALL RAUPHA (MOTV(1.IW),RAO(IW,IMLPHS(IW,IM),RADDEG.1)
GO TO 703

* sway

20 CALL TENFIT (RLANGNRANGRLANSMOTL 1 ,IWCTFN)
CALL RAOPHA (CTFN.RAD(IW.IM),PHS(IW.IM),RADDEG.1)
GO TO 70I

* heave

30 CALL RAOPHA (MOTV(2,IW).RAO(IW.IM).PHS(IWIM).RADDEG,1)
GO TO 70I

* roll

40 CALL TENFIT (RLANG,NRANG,RLANS.MOTL,2,IW.CTFN)
CTEW = RADDEG*CTFNU
CALL RAOPHA (CTFN,RAO(IW,IM),PHS(IW,IM),RADDEG,1)
GO TO 70

* pitch3

50 CTFN = RADDEG*MOTV(3.IW)
CALL RAOPBA CCTFN,RAO(IU,IK),PHS('IW.IM).RADDEG.1)
GO TO 70

* yawI

80 CALL TENEIT (RLANC.IRANG,RLANS.MDTL.3.IW,CTEN)
CTFN =RADDEG*CTFN
CALL RAOPHA (CTFN,RAO(IW,IM),PHS(IW.IM).RADDEG.1)I

RETURN
END

C DECK OUTPUT
SUBROUTINE OUTPUT(TIMADR,TRAO PTRMS)

COMMON /DATINP/ OPTN ,NOTN ,BSCFIL.VLACPR,RADPR,RLDMPR.DISPLMT,

2 LRAOPR,ADRPRPORGOPTN ,GMNOM ,KG ,STATN(25) ,NSOEST(25),

2 AREALF(2&S ,NPTLOC.PTNUMB(1O),PTNAME,XPTLOC(iO),YPThOC(±O).
2 ZPTLOC0(0) ,NBBFBNUMB(10),FBNANE,XPTFBD(1O),YPTEBD(1O),
2 ZPTFBD(10),FBCODE(1O).FBTYPE,RDOT(10).VKDES,FNDES,
2 STATNM.STATIS

CHARACTER*4 PTNANE(8,10),FBNAME(8.10),STATNM(&),FBTYPE(3,1O)
!ITE-Et PT!,MDNUSCFTI. VTACPR.RADPR.ADRPRRLDMPR.FBCODE.

2 EBNUMB ,PTNUNB ,ORGOPTN
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3 REAL KG

COMMON 110/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL.SEVPIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL.,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRPIL,HPLFIL,LRAFIL.ORGFIL,RAOFIL,RMSFIL.SEVFIL,SPDFIL,
2 SPTFIL.LACFIL,LAEFIL

COMMON /LOADS/ NLOADSISWGHT(25) .SMASS(25) ,XLDSTN(10) .XLDXPT(25),

2 LSTATN(25)
COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,

2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS,LHALOS,LDEV,LPRN,LSMFPS,LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,I2 LSHIPS,LTITLES

CHARACTER*iGO AS
CHARACTER*SO FISSIS,SOS,SDS,TITLES
CHARACTER*20 HALOS,DEV.PRN,SMPPS.SMPIS,SMPOS,SMPDS,SHPTYPS
CHARACTER SHIPS*6.VARS*2,CYCLS*2
INTEGER*2 OPTION

IF (ORGOPTN .EQ. 1) GO TO 10

IF (RAGER .GT. 0) THEN
AS = I(/4X,"CALLING RAQOUT")'
WRITE (* .AS)
WRITE (TEXFIL,AS)
CALL RAOOIJTI ENDIF

IF (NLOADS.GT.0 .AND. LRAOPR.GT.O) THEN
AS =E'(/4X."CALLING LRAOUT")'
WRITE (*,AS)I ~WRITE (TEXFIL,AS)
CALL LRAOUT

ENDIF

IF (OPTN.LT.6 .OR. RAOPR.NE.2) THEN
WRITE (*,AS)

WRITE ?rEXFIL.AS)
CALL RMSOUTINI

10 CONTINUE

RETURN
END

C DECK PADD
SUBROUTINE PADDCZ.IDZ,X,IDX,Y,IDY)

" subroutine to add two polynomials
* based on SSP, P.171

* (J),J=1,IDX - coefficients of polynomial with terms

X(3)*T**(3-1)
* Y(3),3=1,IDY - coefficients of polynomial with terms3 * Y(J)*Tw'*C3-1)

*OUTPUT
* (3),J=1,IDZ - coefficients of polynomial with terms
* (3)*T**(3-1)3 DIMENSION 1(5),Y(b).Z(6)

NDIM=MAXOCIDX ,IPY)
iF (xDbm WE. ujGOT iY

30 CONTINUE
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II
DO 80 I=1,NDIH
IF (Il GT. loX) GO TO 60
IF I GT. IDY GO TO 70
2(I)=X(1)4Y(I)
GO TO 80

60 CONTINUE Iz(i)=Y(I)
GO TO 80

70 CONTINUE
Z(I)=X(I)

80 CONTINUE90 IDZ=NDIM

RETURN
END

C DECK PDER
SUBROUTINE PDER(YIDY.X,IDX)

"* subroutine to calculate derivative of polynomial in polynomial form
"* based on SSP, P.175

"* INPUT
-* X(J),J=I,IDX - coefficients of polynomial with terms
_* X(J)*T**(J-1)

* OUTPUT
* Y(J),Jx1,IDY - coefficients of polynomial with terms

Y(J)*T**(J-1)

DIMENSION X(4),Y(3)

IDY=O
IF (IDX .LE. 1) RETURNIDY=IDX-1
EXPT='.01
DO 2 I=i,IDY
EXPT=EXPT+1.0
Y(I)=EXPT*X(I+I)

2 CONTINUE

RETURN
END

C DECK PINT
SUBROUTINE PINT(YIDY,X,IDX)

* subroutine to integrate polynomial
* based on SSP, P.176

* INPUT
* I(J),J=1,IDI - coefficients of polynomial with terms
* I(J)*T**KJ-1) I
* OUTPUT
* Y(J),J=3,IDY - coefficients of polynomial with terms
* Y(J)*T**(J-1)

DIMENSION I(8),Y(9) I
IDY=IDX+I
Y(1)=o.o
IF (IDX .LE. 0) RETURNEXPT=1.0DO 3 1=2,IDY

Y(I)=X(I-1)/EXPT
EXPT=EXPT+1.0

3 CONTINUE

RETURN EID
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C DECK PMPY
SUBROUTINE PMPY(Z,IDZ,X,IDX,Y,IDY)

* subroutine to multiply two polynomials
* based on SSP, P.172

* INPUT
* X(J),J=I,IDX - coefficients of polynomial with terms
* X(J)CT*e(J-1)

"* Y(J),J=r,IDY - coefficients of polynomial with terms
S Y(I)*T**(J-1)

I : OUTPUT
" Z(J),J=1,IDZ - coefficients of polynomial with terms
* Z(J)*TC.(J-1)

5 DIMENSION X(&),Y(4),Z(8)

IF (IDX*IDY .LE. 0) GO TO 10
IDZ=IDX+IDY-1
DO I I=I,IDZ
Z(I)=O .0

I CONTINUE
DO 2 I=I,IDX
DO 3 J=1,IDY
Ku'IJ-1
Z(K)=Z(K)+X(I)*Y(J)

3 CrNTINUE
2 CJNTINUE

RETURNlo CONTINUE S~IDZ=O

RETURN
END

C DECK FRAO
SUBROUTINE PRAO (IM,NLNU,MOTV,MOTL;XPT,YPTZPT RAO1,PHS1,RAO2,

2 PHS2,NMOT,NPLANE,NOMEGA,RADDEG,IPHS,OMEGAE,GRAV)

0 This routine obtains the longitudinal, lateral and vertical

"NOTIONS AT A POINT" rao and phase angles for waves from both
port and starboard headings.

W.G.MEYERS, DTNSRDC, 100577

COMPLEX MOTV(NMOT,NOMEGA),MOTL(NMOT,NOMEGA),
2 SURGE,SWAYHEAVEROLL PITCH YAWTFNLATACC

DIMENSION RAOI(NOMEGA),PaiHObiMEGA),RAO2(NOMEGA),PHS2(NOMEGA),
2 OMEGAE(NOMEGA)

DO 30 I=EL,NU
SURGE = MOTVý,I1
SWAY = MOTL(, I)
HEAVE = MOTV (2,1)
ROLL =MOTL(21
PITCH = MDTV(3,1)
YAW = NOTL(3,I)
DO 30 J=INPLANE
IF (3 .EQ. 1) GO TO 10
SWAY = - SWAY
ROLL = - ROLL
YAW = - YAW

10 CONTINUE
IF (IN .EQ. 1) TFN = SURGE - YPT*YAW * ZPT*PITCH
IF IM .EQ. 2) TFN = SWAY - ZPT*ROLL * XPT*YAW
IF IN .EQ. 3) TFN = HEAVE - XPT*PITCH + YPT*ROLL
IF IN EQ. 15) THEN
IF (3 .EQ. 1) CON = - OMEGAE(I) * OMEGAE(I) / GRAV
TLATACC = CON * (SWAY - ZPT * ROLL * XPT * YAW)

TFN = LATACC + ROLL

5 99



ENDIF
IF (3 .EQ. 1) CALL RAOPIIA (TFN,RAO1(I)r11sI1(IYRAPOIEG,IrIIS)
IF (3 .EQ, 2), GALL RAOPHA (EA21,H2I~ADCIhS

30 CONTINUE

RAETURNI

C DECK PRELIM
SUBROUTINE PRELIM

COMMON /10! SYSFIL,POTFIL,COFFIL,LCOFIL,,ICARD,TEXFIL,IPRIN,
2 SCRF1L,EPLFIL,LRAFIL,ORGF1L,RAOFIL,RNSFIL,SEVFIL,SPDFIL,
2SPTFIL,LACFIL,LAEFIL
INTFaER SYSFIL,POTFIL,COFFIL,LCOFIL,1CAROTEXrILIPRIN,

*2SCr JIL,HPLFIL,LRAFIL,ORGFIL,RAUFIL,RMSFIL,SEVFIL,SPDFIL,

COMMON /PHYSCO/ II.TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO.GNU,RHOS,RMOFGNUS,GNUF,PTMETR,PUNITS,REYSCL

COMPLEX 11
CHARACTER*4 PUNITS(2)
REAL TPI,PIPPIOT,DEGRAU),RADDEG,VKM4ETR,MiETRVKIGRAV,RHO.GNU,R11OS,

1 RHU ,GUUS ,GNUF,F7METR

* PHYSCO definitions

11 = (0.0. 1.0)
PI 3.141S927
TPI =2eP1
PlOT =PI/2

RADDEG = 1./DEGRAD
FTMETR = .3048
VKMETR = 1.6a9*FTMETR

* 10 definitions

SYSFIL =1
POTFIL = 2 COFFIL =t
LCOFFIL = 4

ICARD = 6
TEIFIL = 6
IPRIN -73
SCRFIL = 8
BPLFIL = 9
LRAFXL =10
ORGFIL =11
RAOFIL 12 I"
RMSFIL m13
SEVFIL =14
SPDFIL = 1S
SPTFIL - 16
LACFIL = 17
LAEFIL =18

RETURN
END

C DECK PSPLC
SUBROUTINE PSPLC (NOMECA,OMEGA,OMEGAE,VK,BDNCDEGRAD,GRAV,VKMETR,

2 DUM1,DUM2,RLAO,S,R,NWEVN,WEVN.ARLCIARLC2.ARLC3.RLC)

DIMENSION OMEGA(30),OMEGAE(30),DUMI(3OLDUN2(30),RAO(30) S(30).
2 R(3OLWEVN(100),ARLC1(100¾,ARLC2(1O0),ARtC3(100).JLLC(100S

CON =VKMETR.VK*COS(UDNG*DEGRAD)/GRAV

Wi GMEGA(NOMEGA)+1

IF(ABS(CON) .GT. 0.000001) U2=1./CON
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3 NR2=0
NR3=0
DO 40 I=1,NOMEGA
XJACOB = I
IF (OMEGA(I) .NE. WI) XJACOB =AES(1./(1.-2SONEGAkI)*CON))
IF (IJACOB GT. i8.) XJACOB =10.
R(I) =XJACOb*RAO(I)*S(I)
IF (ABS(CON) .GT. 0.000001) GO TO 105 * region 1

NRI = NR141

GO TO 40
10 IF (OMEGA(I) -GT. WI) GO TO 20

NRI NRI41l
GO TO 40

* ein20 IF (OMEGA(I) -GT. W2) GO TO 3D

NR? = NR241
* einGO TO 40

30 NR3 c R3+1I40 CONTINUE
DO SO I&1,NWEVN
ARLCI(I) 0.
ARL.C2 1) 0.
ARLC3 1I 0.I S CONTINUE

interpolate longcrested response spectrum

IF (NRI .LT. 2) GO TO 60
CALL INTRPL. (NR1,OMEGAE,R,NWEVN,WEVN.ARLC1)U 60 IF (NR2 .LT. 2) GO TO 60

L N +I
DO 70 1c14,N

HU~f - ONEGAE(L)
a 1 1 ( L R()

70 CONTINUE
CALL INTRPL (NR2,DUN1(M),DUN2(N) .NWEVN,WEVN,ARLC2)

80IF (NR3 .LT. 2) GO TO 90
H N- R1+N'i41
CALINTRPL' (NR3.OMEGAE(N).R(N),NWEVN,WEVN,ARLC3)I0 CONTINUE

smlongcreuted spectra in regions 1, 2 and 3

DO 100 1=1,NWEVN
RLC(I) r ARLOCI() + ARLC2(I) + ARLC3(I)

100 CONTINUE

RETURN5 END
C DECK PSPSC

SUBROUTINE PSPEC (NWEVN,WEVN,RLLC,NBETA,B2,NLCH,IPB,ERLC,ERSC.
2 TOELC,TOESC,TPI)

3 2DIMENSION WEVI(NWEVN),RLC(NWEVN,NBETA)1 82(NLCH),ERLC(NWEVN),

3K K= IPE +56
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IF ýKH .GT. 24) NH =KH - 24 i
D'O 20 I=1,NWENN
K = I PH I
ERSC(l) o.
DO 10 L=I.NLCH

IF (Y .GT. 24) F = X 24

ERSC0i) - ERSC(I) 132(L,)'RLC(I,K)
10 CONTIN~UE

ERLC(I) rRLC(I,KB)
20 CONTINUEI

CALL TEPEAK (NWEVN,WEVN,FAL-C,T1OELC.TPI)
CALL TEPEAK% (NWEVN.WEVNIERSC,TOESC,TPI)

RETURN
ENDI

C DECK PVAL
SUBROUTINE PYAL (VAL,ARC,POLY,IDF0LY)

* based on SSP, P.174

"* INPUT
" POLY(3L3J=1.ID)OPLY ,coefficients of polynomial with teimsI

* POLT(3)*T**(3-1)
ARG - point at which polynomial is to be evaluated

*OUTPUT

VAL - valuei of polynomial at t~arg I
VALtO0.

JIDPOLYI
IF (3 I.E. 0) GO TO 2
VAL=VAL*ARG+POLY( 3)
3=3-1
GO TO II

RETURN
END3

C DECK RADOUT
SUBROUTINE RAQOUT

COMMON /DATINP/ OPTNYOTN,ESCFIL,VLACPRRAOPR,RLDMPR,DlSPLMT,

"2 NLEWF(2S) MFT(O2)VFLE1,6.tEF2)Tnr.,
"2 AREALF(253 .PTLOC,PTNUMB(I0),PTNAME.XPTLOC(1O),YPTLOC(10).

ZPTLOC(1O) ,NBB,FBNU!MB(10).FBNAME.XPTFBD(10),YPTFBD(10),U
2ZPTFBD(1O),FBCODE(aO),FBTYPE.RflOT(1O),VKFWSF'NDES.
2STATNM,STATIS
CHARACTER'4 PTNAME(3, 1O) FBNAME(B8,1O),S'QATRNM(B)FBTYPE(a, 10)
INTEGER OPTNMOTN,USCF1L,VLACPR.,RAOPR,A&DRtPR1 RLDI¶PR,FBCODE,
2FBNUME ,PTNUMB .ORGOPTNU

COMMON /ENVIOR/ V-K,NVXKU,NMU,ONECA,hiOMEG&,SICMA,NSIG$A.SIGWI,
I NSIGWB.TMODALPNTMODFNRANG, RANG, RLAk-3.S,NN41, FRNUMX.VFS;
INTEGER IVK,NMU,NOMEGANIMSCXNHbNAGNMI0
REAL VK(8).NU(37,.SLOMEGA(3O),SIGMA(1O) sIGWX(4),TNOU)AI(~t8¾
2 RAG(S) ,RLANG(B) ,S(30,S) ,FRtNUM(8),VFS(h5ý

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAK.ORAFT.LCF.

1 VCG,GNDELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRLý,AWP,VCB,FBDX,F13DY,

2 DISPLN,IPITCH.IROLL,IYAW.IYAWRL,CREAVE.CPITCH,CIIEAPI,CHiU..L,
2 AREAMI ,WSURLFGIRTH.FBDZVDDBLML,TLCB3
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INTEGER NSTATN ,W0rSET(26) .NFREBDNPTS
CHARACTER"4 TITLE(210)
REAL X(th,) ,Y(1O,26),Z(1O,25flF130ZV(8,10),LPF,PFAM,OPLWL,TLCB.

2 DRAFTLCF VC.G GM DELUM NFBLA,KPITCH.KROLL KYAW,KYAWRL,AWP.VCI3,
2FBDX6i0) tHDYtIOSFBDZUO6),XPT(1O),YPT(1OSZPT(1O).LCB.GML,
4 ASTAT(25.SýBSTAT(26ý).MASS,DISPLM,IPITCH.IROLL,IYAW,
h IYAWRL.CHEAVE.CPITCIHbCHEAPI,CROLLIAREAMXIWSURF,GIRTH(2E'l)

COMMON /10/' SYSqFIL,POTFIL,COFFIL,LCOP]L.,ICARO,TEXFIL,IPRIN,
2 SCRFIL.HPLFIL,LRAV-L,CGRFIL,RAOFILRMSFIL,SEVFIL,SPPFIL,,
2 SPTFIL,'LACFILLAEFIL

INTEGER SySFIL,POTF1L,COFFIL,L.COFIL.ICARD.TEXFIL.IPRIN.
- SCRF1L.HPLVIL.LRAFIL,ORGPIL,RAOFIL,RMSFXL,SEVFIL,SPDF1L.
2SPTFIL.LACFIL,LAE-FIL

COMMON /PHYSCO/ II,TPI ,PI,PIOT,DEGRAD,RADOEG,VKMETRIMETRVK,GRAV.
2 RHO.GNU,RHOS,RHOP.GNUTSGNUIF.rTMETRPIPNITS,REYSCL
COMPLEX ]II
CHARACTER'4 PUNITS(2)
REAL TPI,PI,P1OT,DEGRAD,RADDEGVKMETR,METRVK,GRAV,REU.GNUT,RHOS,

1 RH0FGNUS ,GNUFFTMETR

COMMON /SMPSYS/ FIS,AS,SIS.SOS,SDS,HAL.OS,DEV,PRN,SMPPS,SMP1S,
2 SMPUSSMPDS,S$PTYPS,S-IIIPS,VARS,ýCYCLS,TITLES,OPTION,LSIS.LSCS,
2 LSDS.LHALOS,LDEVLPRN,LSMPPS,LSMPIS,LSMPOSPLSHPD)SPLSIIPTYPS,
2 LSHIPS,L.TITLES
CHARACTER* 160 AS
CHARACTER.8O FIS,SIS,SOS,SDS.TITLES
CHARACTER*20 HALOS,DEV,PRN,SMFPS,SMP1S,SMPOS,SHMPDS,SHPTYPS
CHARACTER SHIPS*6,VARS*2,CYCLS*2
INTEGER*2 OPTION

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD.EXRCLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES.SALT,HiEAD,EXROLL.,BKEEL

COMPLEFX MOTV(3.30).MOTL(3.30.8),HJV(3,30).IIJL(3,30).H7(30)
DIMENSION OMEGAE.(3O).RAO(3O.6).PNS(3O,6),R(3O).RLCALC(6),

2 IMODL(4)
CHARACTER*4 METER

DATA METER /'METE'/
DATA EPS /0.0001/

DO 6 ISrl,ISIGWH
SWH xSIGWH(IS)
IF (PUNITS(1) .ME. METER) SWH = SWH'FTMETR

s ignificant wave height ranges below are in meters

* sona state 1

IF (SUB .LE. 0.60) PER = 6.0

t ea, state 2,

IF (SWH.GT.O.69 .AND. SWH.LE.1.26) PER 6.0

sea state 3a * IF (sUH.GTr.1.26 .AND. SWH.LE.1.73) PER 7.0

* sea state 4

I IF (SWH.GT.I.73 AND. SWH.LE.2.24) PER =7.0

* sea state 63IF (SWB.GT.2.24 kND. SWII.LE.3.97) PER 9.

* sea state 6

3IF (SWH.GT.3.97 .AUD. SWH.LE.6.34) PER 11.0
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IF(SWH.GT.8.34 AN.SHL.22)PER =15.0

* sea state 83

IF (SWH.GT.12.29 .AND. SQJH.LE.18.77) PER =19.0

* greater than sea state 8

IF (SWH .GT. 18.77) PER =19.0
IF (PER .LT. TrHODAL (1)) PER =TMODAL(l)
IF (PER .GT. ThODAL (NTMOD)) PER =TMODAL(NTMOD)
IMODL(IS) 1
DO 3 IT=I,NTHOD I
IF (ABS(PER-TMODAL(IT)) .LT. BPS) IMODL(IS) =IT

3 CONTINUE
5~ CONTINUE

FIS =SDS(1:LSDS)//b.ORG'
OPEN (UNIT=ORGFIL,FILE=FIS,FORM='UNF0RMATTED' ,STATUS=&UNKNOWN')

FIS =SDS(1:LSDS)//'.RAD'
OPEN (UNIT=RAOFIL,FILE=FIS ,FORM='UNFORMATTED' ,SW'ATUS- 1UNKNOWN')

READ (ORGFIL) TITLE,N'JK,NMU,NOMEGA,OMEGA.NRANG,RLANG.VRT,LAT,
2 ADDRES,LPP,BEAM,DRAFT,DISPLM,GM,DELGM,KG,KROLL,LCB,GRAV,RHO,
2 VKDES ,VKINC,DBLWL

WRITE (RAOFIL) TITLENOMEGA,OMEGA,NVK,NHU,NSIGWH,STATIS,
2 (STATNM(I),I=1,3),LPP,BEAM,DRAFT,DISPLM,GN.DELGM,KG,KROLL,
2 L.CB,DBLWL,GRAV

DO 300 IV=1,NVK
REDO 0 (ORGIL)VNOTMU EDN OE
IF(R)READ (ORGFL KOFIL) NWGOTV G
IF (LAT) READ (ORGFIL) MOTL

IF (ADDRES) READ (ORGFIL) HJV,HJL,H7U
HDNG =180. - HEADNG
IF (IH.GT.1 .AND. IH.LT.NMU) GO TO 20

* 2ollowiug or head uaves - lateral mode (away,roll,ya~w) RAOS3
* are zero

DO 10 IN=2,6,2
DO 10 IW=1,NOMEGA
RAO(IWIK) =0.
PHS(IWIK) =0.U

* vertical mode (surge,heave,pitch) RAOS

20 DO 30 IM=1 5 2I
CALL ORGRAO tRLANG ,NRANG,0. ,MOTV,MOTL,NOMEGA,1H,RAO ,PHS,RADDEG)

30 CONTINUE
40 DO 100 IS=1,NSIGWH

KS =IMODL(iS)I
IF (IH.EQ.1 .OR. IH.EQ.NMU) GO TO 80

* perform roll iteration for each sea state and for the specified
* statirtic

DO 60 IA=1,IRANG
DO 50 IW=1,NOMEGA
R(IW) = CABS(NOTL(2,IW,IA))**2 * S(IW,KS)

50 CONTINUE
CALL ALGRNG (Lh'OMEGA R AREA)I
RLCALC(IA) = STkl. *-SIGWH(IS)*SQRT(ABS(AREA))*RADDEG

60 CONTINUE
CALL RLITR CRLAý-,,,~.-NG.RLCALC,RLANS)
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* lateral mode (sway,roll,yaw) raos

DO 70 I=2 6 2
CALL ORGRAO LRLANG,NRANG,RLANS,MOTV,MOTL,NOMEGA,IM,RAO,PHS,

2 RADDEG)
70 CONTINUE
80 CONTINUE

WRITE (IPRIN,1000) TITLE,VKNOTS,HDNG
1000 FORMAT (IH1,/,28X,20A4,///,

2 45X,'RESPONSE AMPLITUDE OPERATORS (RAOS) ',
2 'AND PHASES',///,55X,'SHIP SPEED =',FS.0,' KNOTS',
2 /S3X,'SHIP HEADING =',
2 FS.0,' DEGREES')

IF 8PUNITS1 .EQ. METER) WRITE IPRIN,1010ý SIGWIS)
IF iPUNITS(I.WE: METER) WRITE (PRIN,1020) SIGWH(IS)

1010 FORMAT (/42X,'SEA STATE: SIGNIFICANT WAVE HEIGHT
2 FS.2,' METERS')

1020 FORMAT (/42X,'SEA STATE: SIGNIFICANT WAVE HEIGHT =',F5.2,
2 ' FEET')

WRITE (IPRIN,1030) TMODAL(KS),STATIS,(STATNM(I),I=1,3)
1030 FORMAT (54X,'MODAL PERIOD =',F4.0,' SECONDS',/,54X,

2 'STATISTIC =',F5.2,2 ' (',3A4,')',///,2X,'OMEGA OMEGAE',9X,'SURGE',14X,'SWAY',15X,I 2 'HEAVE',14X,
2 'ROLL'I,1X,'PITCH'.14X,'YAW',/,18X,6('AMPL. PHASE',4X)/)

DO 90 IW=I,NOMEGA
WRITE (IPRIN,2000) OMEGA(IW),OMEGAE(IW),(RAO(IW,IM),

2 PHS(IWIM),IM=1 6)
2000 FORMAT (2F7.3,6t1PE12.4,OPF7.1))

90 CONTINUE
WRITE (IPRIN,2100)

2100 FORMAT (//2X'NOTES: i) VERTICAL RAOS (SURGE,HEAVE,PITCH) ARE
* 'LINEAR AND INDEPENDANT OF SEA STATE.'/ 9X'2) LATERAL RAOS
* '(SWAY,ROLL,YAW) ARE NONLINEAR AND CHANGE WITH SEA STATE AND
2 'STATISTIC.')

IF (PUNITS(1) .EQ. METER) WRITE (IPRIN,2110)
IF(PUNITS (1) .NE. METER) WRITE (IPRIN 2120)

2110 FORMAT (9X'3) AMPL. IS IN (PHYS.UNITS/METER)',2H**,'2 AND PHASE I
2 'IS IN DEGREES.')

2120 FORMAT (9X'3) AMPL. IS IN (PHYS.UNITS/FOOT)',2H**,'2 AND PHASE
2 'IS IN DEGREES.')

WRITE (IPRIN 2130)
2130 FORMAT (9X'45 HEADING CONVENTION: 0 DEG=HEAD, 90 DEG=STBD BEAM,

2 '180 DEG=FOLLOWING SEAS.')
WRITE (RAOFIL) VKNOTS,HDNG SIGWH(IS),TMODAL(KS),OMEGAE,RAO,PHS
IF (IH.EQ.1 .OR. IH.EQ.NMU$ GO TO 200

100 CONTINUE
200 CONTINUE
300 CONTINUE

CLOSE (UNIT=ORGFIL)
CLOSE (UNIT=RAOFIL)

RETURN
END

C DECK RAOPHA
SUBROUTINE RAOPHA (TFN,RAO,PHS,RADDEG,IPH¶)

* This routine obtains a response amplitude operator, RAO, and a
i * phase angle, PHS. The response as a fi::. tion of time can be
"* written as- RESP = SQRT(RAO) * COS(WE*T+PHS*DEGRAD)
* W.G.MEYERS, DTNSRDC, 100777

COMPLEX TFN

U ARL = REAL (TFN)
AIM = AIHAG (TFN)
RAO = ARL*ARL + AIM*AIM
IF (IPUS .LW. i) PHS = ATAI2D (AIH,ARL,RA.DD).
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RETURN
END

C DECK RAOPIIS
SUBROUTINE RAOPHS (OMEGAE,RAOI,PHS1,RAo2,PHS2,IREC,IRIV,IH,IPHS)

COMMON /DATINP/ OPTN,MOTN,BSCFIIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPR,ADRPR,ORGOPTN,GMNqOMKG,STATN(25) ,NSOFST(25),
2 NLEWF(25) HLFBT11(10 2S),WTRLNE(10,25),BLEWF(26) TLEWF(25),
2 AREALF (28 ,NPTLOCPTNUMB(1O),PTNAME,XPTLOC(I0),YPTLOC (10),
2ZPTLOC (10) ,NBB,FBNUME(10) FBNAME XPTFBD(10) ,YPTFBD(10),

2 ZPTFBD(10) ,FBCODE(1O),FBTYPE,RDOT(10),VKDES,FNDES,
2 STATNM,STATIS

CHARACTER*4 PTNAME(8,10) ,FBNAME(8,1O).STATNM(6),FBTYPE(3,10)
INTEGER OPTN,MOTN.BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,PBCODE,

2 FBNUMB,PTNUMB,ORGOPTN

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGýA,SIGMA,NSIGMA,SIGW4H,
INSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUMVFSI
INTEGER NVKNMU,NOMEGA,NSIGMA NSIGWH NTMOD NRANG iNMU(8)
REAL VK(8) MU(37,8),OMEGA(30),SIGMA(1O).SIGWH(4),TMODAL(8),

2 RANG(8),RLANG(8),S(30,8),FRNUM(8),VFS(8)
COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT.LCF,

I VCG,GM,DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAI4RL,AWP.VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,CML,ASTAT,BSTAT,TITLE,MASS,
2 DISPLM,IPITCH,IROLLIYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 A%~EAMX ,WSURF ,GIRTH,FBDZV DBLWL,TLCB I
INTEGER NSTATN ,NOFSET(285 ,NFREBD ,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(10,2&),Z(10,25),FI3DZV(8,10),LPP,BEAM,DBLWL,TLCB,

2 DRAFT,LCF,VCG GM DELGM,NEBLAKPITCH KROLL KYAW KYAWRL,AWP,VCB,
2 FBDX(l0) FBDY(105,FBDZ(10),XPT(I0),YPT(105,ZPT(10).LCB.GML,
4ASTAT(261,BSTAT(25),MASS,DISPLM,IPITCH,IROLL,IYAW,I

6 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,IJSURF,GIRTH(26)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFILPICARDTEXFILIPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVF3.L,SPDFIL,

INTEGER SYSFIL,POTFIL,COFFIL,LCOFILICARD,TEXFIL,IPRIN,I
2 SCRFIL,RPLFIL,LRLAFILORGFIL,RADFIL,RMSFILSEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

COMMON /PHYSCO/ II .TPI ,PI .PIOT,DEGRAD .RADDEG ,VKNETR,METRVK,GRAV,I
2 RHO .GNU ,RHOS,RHOF,GNUS ,GNUF,FTMETR,PUNITS ,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RLADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RROS,

1 RHOF, GNUS ,GNUF , FMETR
COMMON /RESPNI NRESP.IPOINT(182) ,IMOTN(182) ,ITYPEC182),

2 ILIN(182) ,ISYH(i82)
LOGICAL ILIN,ISYM COMON/SAT/ LTRTLODSADDESSATEADEXOLBEE
LGCOMO SATL LAT,VRT,LOADS,ADDRES ,SALT,HEAD,EXROLL,BKEEL

COMPLEX MOTVC3,30),MOTL(3 30 8) HJV(3,30) ,HJL(3,30),H7(30)I
COMPLEX SF3(25,30),SH3(25:305
DIMENSION SA33(26,30) ,SB33(25,30)
DIMENSION OMEGAE(30),RAO1(30.8),PHS1(30,8) ,RAO2(30,8),PHS2(30,8)
LOGICAL LINEAR,SYMMET

DATA EPS /.001/I

NMOT =3
IP = IPOINT(IR)3
IM = IMOTN(IR)
IT = ITYPE (IR)
LWNAR =ILIN(IR)
SYKMET = ISYK(IR)
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N1
IF (.WOT. LINEAR) N = NRANG
HDNG MU(IH,IV)*RADDEG
ARG HDNG*DEGRAD
COSMU =COS(ARG)
SINMU =SIN(ARG)
READ (ORGFIL) VKNOTS,HEADNG,OMEGAE
IF (VRT) READ (ORGFIL) MOTV
IF7 (LAT) READ (ORGFIL) MOTL
IF (ADORES) READ (ORGFIL) HJV,HJL,H7
IREC =1
IF ((AES(HEADNG).LT.EPS .OR. ABS(HEADNG-180.).LT.EPS) AND.

2 (.NOT.LINEAR) .AND. SYMMET) IREC = 0
IF ((ABS(HEADNG).GT.EPS .AND. ABS(HEADNG-180.).GT.EPS) .AND.

2 (.NOT.SYMMET)) IREC =2
IF (IREC.EQ.0 GO TO 100
Ml I

N2 0OMEG A
DO 30 IA=1.,N
IF (IP.EQ.0 .AND. IM.LT.7) CALL ORAO (IM,M1,M2,MOTV,MOTL(1,1,IA),

2 RLAO1(1,IA),P11Sl(1,IA),NMIOT,NOMEGA,RADDEG.IPHS)
IF (IP.GT.0 .AND. IM.LT.4) CALL PRAD (IM,M1,M2,MOTV,MOTL(1,1,IA),

2 XPT(IP),YPTr(IP),ZPT(IP),RAO1(1,lA),PHS1(1,IA),RAO2(1,IA).
2 PHS2(1,IA),NMOT, IREC,NOMEGA,RADDEG,IPHS,OMEGAE,GRAV)I IF (IP.GT.0 .AND. lIMEQ.15) CALL PRAO(IMM1,M2,MOTV MOTL(I,1,IA),
2 XPT(IP) YPT(IP). VT(P),RAO1(l,IA),PHS1(1,iA),RAO2(1,IA),
2 PHS2(1,IA) ,NM0T, IREC,NOMEGA,RADDEG,IPIIS,OMEGAE,GRAV)

IF (IM .EQ. 8) CALL RELMOT (IM,MlM2,MOTV,
2 MOTL(l 1,1,IA),FBDX(IP),FBDY(IP),RAO1(1,IA),PHSl(1,IA),RAO2(1,IA),
2PHS2 (1,IA) ,NMOT, IREC,NOMEGA,OMEGACOSMU,SINMU,GRAV,RADDEG,IPHS)
IF (IP.EQ.0 .AND. IM.EQ.9) CALL FNRAO (IVMI,M2,MOTT-(1,1,IA),

2 RAO1(1,IA),PHS1O..IA),NMOT.NOMEGA,OMEGAEIPHS)
IF (IT .GT. 1) CALL VELACC (IM,IT,GRAV M1,M2,OMEGAE,

2 RAOi(,1IA),PHS1(1,IA),RAO2(1,IA),PHS2(1,IA),NOMEGA,iREC,IPHS)
IF (IH .EQ. 7) CALL ADRES (Ml,M2,M0TV,MOTL(1,1,Ik.),HJV,HJL,H7,
2RAO1(1.IA),PHSi(l,IA),RAO2(1 IA),PHS2(1,IA),OMEGA,NMOT,IREC,

2 NOMEGA,RADDEG,COSMU.RHOIPHS3
30 CONTINUE

IF (.NOT. (IP.GT.0 .AND. (IM.GE.1O.AND.IM.LE.14))) GO TO 100U DO 40 IW=1,NOMEGA
READ (LCOFIL) (SF3(I,IW),SH3(I,IW),SA33(I,IW).SB33(I,IW),

2 I=1,NSTATN)
40 CONTINUEI CALL LRAO (IM,n1,M2.MOTV,SF3,SH3,SA33 SB33 VFS(IV),COSMU,

2 OMEGA.OMEGAE,IPRAO1,PHS1,NMOT,NOMEGAIPRSS
100 CONTINUE

RETURNI END
C DECK RflBASE

SUBROUTINE RflBASE

COMMON ICH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
2 IMMIN ,IMMAX , IDEL,*LMIN ,LMAX
REAL SIGMIN,SIGMAX,V,SINHU.COSMU.WTSI(4)
INTEGER ISIGHA,*IMMIN ,IMMAX,IHDEL ,LMIN ,LNAX

COMMON /DATINP/ OPTN ,MOTN ,BSCFIL,VLACPR,RAOPR,RLDMPRDISPLNT,
2 LRAOPR,ADRPRORGOPTN,GMNOH.KG,STATN(2&) .NSOFST(2&),
2 ILEWF(26) HLFBTH(i0,25),WTRLNE(10,26).BLEWF(25).TLEWF(26),
2 AREALF(2&$ ,NPTLOC,PTNUMB(10) .PTNAME,XPTLOC(10) ,YPTLOC (10).
2 ZPTL0C(10) ,NBB FBNUMB(10),FBNAME,XPTFBD(10),YPTFBD(10),I 2 ZPTFBD (10 ),FBCODE(10) ,FBTYPE,RDOT(10) IVKDES,FNDES,
2 STATNM,STATIS

CHARACTER*4 PTNAME(8,10) ,FBNAMEC8,10) ,STATNM(5) .FBTYPE(3,10)
INTEGER OPTN ,MOTN *BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,

2FBNUHB ,PTNUMD ,ORGOPTN
REAL XG

COMMON /ENVIOR/ VK,NVK,MU,NMU.OMEGA,NOMEGA:SIGMA,NSIGMA,SIGWH,
1 NSIGi i,TKMAL, NTHOD, WRANG, ARANG, 1-1LANG, -, .J, FRYUM,VFS
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INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH NTMOD NRANG,NNMU(8)I
REAL VK(8) MTJ (37,8),OMEGA(30).SIGMA(10) SIGWH(4),TMODAL(8),

2 RANG(8),RLANG 8)PS (30 ,B),FRNUM(8),VFS(8~

COMMON IGEOMI X,NSTATN.Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBLA,ICPITCHXROLL,XYAW,KYAWF.L,AWP.VCB,FBDX,FBDY,I
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE.MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCHbCHEAPI,CROLL,
2 AREAMX,WSURF,GIRTH,FBDZV DBLWL TLCB

INTEGER NSTATN NOFSET(25i ,NFREiD,NPTS
CHARACTER*4 TITLE(20)I
REAL X(25),Y(10,25),Z(10,25).FBDZV(8,10),LPP,BEAM,DBL.WL.TLCB,

2 DRAFT,LCF,VCGGM DELGM NEBLA,1(PITCH KROLL KYAW KYAWRL,AikP,VCB,
2 FBDX(lO) FBDY(105,FBDZ(10),XPT(10),YPT(105.ZPT(10),LCB,GML,
4 ASTAT(255,BSTAT(2S),MASS,DISPLM,IPITCH,IROLL,IYAW,

5 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURFGiRTH(25)
COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,

2 SCRFIL,HPLFIL,LRAFIL,ORCFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL.

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,EFLFIL,LRAFIL,ORGFIL,RADFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL ,LACFIL ,LAEFIL

COMMON /FHYSCO/ IITPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RIIOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHiO,GNU,RHOS,

1 RHOF,GNUS ,GNUF,FTMETR
COMMON /RLDBX(/ PSUR(25) ,BMK(25) ,DK(25) .CAX(25) ,HQ,HSPAN,HMNCIID,

2 HAREA,HXCP,HYCPHZCP,HGAMMA HYHAT HEARHLCS,RQ(2) RSPAN(2),
2 RMNCHD(2),RAREA(2),RXCP(2) AYCP(25 RZCP(2).RGAMMA(2),RYHAT(2),
2REAR(2).RLCS(2),SQ(2),SSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),
2 SYCP(2) SZCP(2) SGAMMA(2),SYNAT(2) SEAR(2) SLCS(2i BQ(2),
2 BSPAN(25 ,BMNCHDt2) RAREA(2) EXCP(25 BYCP(25,BZCP(2S,BGAMMA(2),
2 BYHAT(2) ,BEAR(2).BLCS(2),FQ(2) FSPAN(2),FMNCHD(2) FAREA(2).
2 FXCP(2) .FYCP(2) ,FZCP (2) ,FGAMMA(2) IFYHAT(2) ,FEAR(25 FLCS(2)
2 PQ(2 ,2) ,PSPAN(2,2),PMNCHD(2,2).PAREA(2,2) PXCP(2 25 PYCP(2 2),I
2 PZCP(2 2) PGAMMA(2,2),PYHAT(2,2).PEAR(2,25 PLCS(i 2S,
2 STADMPt1O5,SHPDMP(1O,8) ,ENCON WPHI,TPHI,WMELM(4,95 SFELM(4 9 8)
2 REELM(4,9,8),PEELM(4,9,8),FEELM(4,9,8),HEELM(4,9 85,BEELM(i,6,85,
2 ENWM,ENSF(8,8) ,ENRE(8) ,ENPE(8) ,ENFE(8) ,ENHE(8) ,EiBE(8),
2 ENEMV 8,8 ,ENRL 8),ENPL(8),ENFL 8) ENRiL(8).ENSL(B) ENBL(8),I
2 ENSHP 8.8 ,RELM(4,9 ),ITS(25),RD(25 ,EDDY(8,25),RGB(25)

REAL RLDBLK(2592)
EQUIVALENCE (PSUR~i) ,RDBLK(i))

COMMON /SMPSYS/ FIS,AS,SISSOS,SDS,HALOS,DEVPRN,SMPPS,SMPIS,a
2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS.LHALOS ,LDEVLPRN ,LSMPPS,LSMPIS,LSMPOS,LSMPDS ,LSHPTYPS,
2 LSHIPS,LTITLES
CHARACTER* 160 AS
CHARACTER*8O FIS,*SIS,*SOS, SDS ,TITLESI
CHARACTER*20 HALOS,DEV ,PRN ,SMPPS,SMPIS,SMPOS ,SMPDS,SHPTYPS
CHARACTER SHIPS*6 ,VAILS*2,CYCLS*2
INTEGER*2 OPTION

DO 30 K=i,NSTATNa
IF (NOFSET(K) .LT. 2) GO TO 30
INODES =NOFSET(K)
NSEGS = NNODES - 1

SGIRTH = 0.
SGIRTH =SGIRTH + SQRT((Y(3+1,K)-Y(I,K))**2 + (Z(J+iK)

2 -z(J,K))**2)
10 CONTINUE

IF ýKEQ. 1) DS = 0.6*(X(2)-X(1))
IFK-C.l, AND. K.LT.NSTATN) DS = 0.5*(X(K+1)-X(K-1))

IF (K .EQ. NSTATN) DS = 0.5*(X(NSTATN)-X(NSTATN-1))
PSUR(K = 2.*DS*SGIRTH
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BMK(K) = BMAX(NNODES,Y(1,K))

DK(K) = 0.
DO 20 J=1 NNODES
IF (Z(J,K) .LT. DK(K)) DK(K) = Z(J,K)

20 CONTINUEI CAK(K) = ASTAT(K)/(2*BMK(K)*ABS(DK(K)))
30 CONTINUE

CALL WAVMAK
CALL HLLIFT
CALL RDLIFT
CALL SBLIFT
CALL SKLIFT
CALL BKLIFT
CALL FNLIFT
CALL SKNFRC
CALL RDEDDY
CALL SBEDDY
CALL FNEDDY
CALL HLEDDY
DO 50 IA=1,NRANGENENO = ENHE(IA) + ENRE(IA) + ENPE(IA) + ENFE(IA)DO 40 IV=1 NVK

V = VFS(IVS
ENEMV(IV,IA) = EDMKSP(WPHI,LPP,V,ENEMO)

40 CONTINUE
50 CONTINUE

CALL EKEDDY
DO 60 IA=I,NRANG
DO 60 IV=1,NVK
ENSHP(IV,IA) = ENWM + ENHL(IV) + ENRL(IV) + ENPL(IV) + ENSL(IV) +

2 ENBL(IV) + ENFL(IV) + ENSF(IV,IA) + ENEMV(IV,IA) + ENBE(IA)
60 CONTINUE

IF (RLDMPR .GT. 0) CALL RDPRIN

FIS ý SDS(1:LSDS)//'.SCR'
OPEN (UNIT=SCRFIL,FILE=FIS,FORM='UNFORMATTED',STATUS='UNKNOWN')
WRITE (SCRFIL) RDBLK
CLOSE (UNIT=SCRFIL)
RETURN
END

C DECK RDCOMP
SUBROUTINE RDCOMP (NNDIM,A,IP)

matrix triangularization by gaussian elimination.

INPUT...3 N = order of matrix.
* NDIM = declared dimension of array A
* A = matrix to be triangulaxized.

'* OUTPUT...
A(I13), I .LE. J = upper triangular factor, U
A(I,J), I .GT. J = multipliers = lower triangular

IP(K). K .LT. I = index of k-th pivot row.
• IP(N) = (-1)**(number of interchanges) or 0

* use "solve" to obtain solution of linear system.
DETERM( A ) = IP(N)*A(1,1)*A(2,2)*... *A(N,N).
IF IP(N) 0, A is singular, SOLVE will divide by zero.

interchan3es finished in u, only partialy in I

REAL A, T, ABS
INTEGER N, NDIM, IP, K, KP1, M, I, 3
DIMENSION A(NDIMNDIM)
DIMEXSION IFQED IM)

3 IP(I) = 1
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DO 1700 K = 1, N3
IF (K .Eq. N) GO TO 1600
KPI = K + 1
M K
DO 1100 1 = RP1, N
IF (ABS(A(I,K)) .GT. ABS(A(M,K))) M II

IP(K = M
IF (M .NE. K) IP(N) = -IP(N)
T =A(M,K)
A(MKx) = T(,K
A(MK) = ATK
IF tT .EQ. 0.0) G0 T0 1600
DO 1200 1 2%/1N
A(I,K) =-A(I,KS/T

1200 CONTINUEI
DO 1500 J3 KP1, N
T( A(M,3)
ACM,.]) = A(K,.])
ACE J) = T
IF T .EQ. 0.0 ) GO TO 1400I
DO 1300 I KPi, N
A(I,J) = ACT,.]) + ACI,K)*T

1300 CONTINUE
1400 CONTINUEI
1500 CONTINUE
1600 CONTINUE

IF CACK,K) .EQ. 0.0) IPCN) =0

1700 CONTINUE
99999 CONTINUEU

RETURN
END

CDECK ROEDDYI

COMMON /APPEND/ NBKSETPNBKSTNC2) ,EKIMAGC2) ,EKFSC2) ,BKAS(2),
2 BEWO (2),BKSTN(10,2),BKHB(10.2),BKLNTH BKWDTH

E KWLCIO 2) ,BKANC1O,2),NSKSET.SKIMAGC2S,SKFLSt2),SKALS(2),I
2 SKAUS 2 ,SKHBC2) SKFLWL(2) ,SKALWL(2) 1SKAUWL(2) ,NRDSET.RDIMAG(2)
2 RDRFS(2) ,RDRASC2S RDRHB (2) ,DRFWLC2) RDRAWLC2) RDTFS (2),PRDTAS(25
2 RDTHB(2) RD7FWL(25 RDTAWL(2) NSBSETSBIMAGC2),SOERFS (2) ,SOBRAS(25
2ý,SOBRHEB(25,SOBRFW(25 ,SOBRAW(25,SIBRFSC2),SIBRASC2),SIBRHB(2),
2SIBRFU 2 *SIBRAW(2 ), SBTFSC2),SETASC2).SBTHB(2),SBTFWLC2),I

2 SETAWL(2 , NFNSET,FNIMAG(2),FNRFSC2) PNRASC2),
2 FNRHBC2) FNRFWL(2) FNRAWLC2) .FNTFS(2),FNTAS(2),FNTHBC2).
2 FI'fFWLC2S ,FNTAWL(25 ,NEXPRD,ENRDO(8) ,ENRDS(8)

COMMON /CH3&., ?SI7GMA,SIGMIN,SIGMAX,V,SINMU,COSMU,UTSI,
2 IMMIN ,IHMAX ,! iDEL,LMIN ,LMAX
REAL SIGHILbSIGMAX,V,SINMUI,COSMU,W-TSI(4-)
INTEGER ISIGMA, IMMIN,IHHAX,IMDEL,LMIN,LKAX

COMMON /ENVIOR/ YK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,I
1 ISIGWR,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU.FRNUM.VFS
INTEGER NVK,NMU,NOMEGANSIGMA,NSIGUH,NTMOD,NRANG,NNMUC8)
REAL VK(B) ,MU (37,8) ,OMEGAC3O) ,SIGMAC1O) sIcwHC4) ,TMODALCB),

2 RANG(8),RLANG 8,(B). 30,8),FRNUM(8),VFSC8S

COMMON /PHYSCO/ II ,TPI ,PI ,PIOT,DEGRAD,RADDEG ,VKMETR,METRVK,GRAV,
2 RHO ,GNU ,REOS ,RHOF,GNUS ,GNUF,FTHETR,PUNITS ,REYSCL
COMPLEX II
CHARACTER*4 PUNITSC2)I
REAL TPI,PI,PIOT,DEGRAD,RADDEG.VKMETR,HETRVK,GRAV,REO,GNUPRLHOS,

1 RHOF,GNUS ,GNUF ,FTMETR

COMMON /RLDBK/ PSUR(26),EMKC2S),DKC25) ,CAK(25),HQ,HSPAN,HMNCHD,
2HRMN ECHD( ,REC2),RXCP(2,RG YCPC2SEARZHCPC2,RGAMA2),RSHAT(2),£
2AREAH62,HXCP.HYCP.HZCPHGAMA.YHATHEARH LCSMMA(2) ,RSPAT(2),

2 REAK(.2) ,kLCSb2) ,Swk2c,, an 2,SMNWD()SRE()XCC)
2 SYCP(2) ,SZCP (2)SAMA2SYT2)SA(,LC2SB2,
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32 BSPAN(2) ,BNCHD(2),BAREA(2),BXCP(2),BYCP(2),RZCP(2),BGAMMA('2).
2 BYHAT(2) ,BEAR(2),BLCS(2),FQ(2),FSPAN(2) FMNCHD(2).FAREA(2),
2 FXCP(2)1,FYCP(2).FZCP(2),FGAMMA(2),FYHAT(2),FEAR(2),FLCS(2),
2 Pq(2,2) PSPAN(2,2),PMNCHD(2,2),PAREA(2 2) PXCP(2 2) PYCP(2.2),
2 PZCP(2 2) PGAMMA(2,2),PYHAT(2,2),PEAR(,2ý,2 PLCS(.i21,
2STADNPZ1OI.SHPDHP(1O,8) ENCON WPHI,TPHIWMELM(4 gi SFELM(4 9,8)
2REELN(4,9,8),PEELN(4,9,8),FEELM(4,9,8) ,HEELM(4,9,8,6,BEELM(4,9,8S,

2 ENWM,ENSF(8,8),ENRIE(8).ENPE(8),ENFE() .ENHE(8),ENBE(8),
2 ENEMV(8,8ý ,ENRL(8) ENPL(B) ENFL(8) ENHL(8) ENSL(S),ENBL(8),
2 EINSHP (8,8, RELM (4,9), ITS(25) ,RD (25,EDDY(8.25),RGB(2S)
REAL RDiLK12692)
EQUIVALENCE (PSUR(1) ,RDBLK(1))

DO 20 IA=1,NRANG
ENRE(IA) = 0
DO 10 =,NIM
SHPDMP(IS,IA)=0

IF (NRDSET EQ. 0) GO TO 100
DO 5O K=I.NRDSET
YHAT = SQRT(RYCP(K)*RYCP(R) 4 RZ2CP(K)I'RZCP(K))
GAMMAE = RGAMMA (K) + 1.
ALF =ATAN( ABS ( ((RYCP(K)/RZCP(K)) + TAN(GAI4MAE*DEGRAD))/(1.-I2 (RYCP(K)/RZCP K))*TAN(GAMMAE*DEGRAD)) ))
C =0.006S + (RLCS(K)*RLCS(K))/(0.9*PI*REAR(K))
CON =RQ(K)*4./(3.*PI)*RHO*YHAT**3*RAREA(K)*C*SIN(ALF)
DO 40 IA=1,NRANG
DO 30 IS=I,NSIGMAI ~SHPDMP(IS,IA) = SHPDMP(IS,TA) + (CON*SIGMA(IS)*ttANG(IA))*

2 SIGMA(IS)
30 CONTINUE
40 CONTINUE
60 CONTINUE

DO 60 IA=1,NRANG
CALL SPF7T (SIGMA.SHPDMP(1.IA),REELM(1.I IA) NSIGMA)
ENRE(IA) = ENCON*REVAL(REELM(1,ISIGMA,IAS ,wTrý1J

60 CONTINUE
100 CONTINUE

RETURN

ENDIC DECK RDEVAL
SUBROUTINE RDEVAL (IV,OMEGA,OMEGAE,NRANG,TLG ,EXCLG,TLGC ,EXCLGC,

COMMON /APPEND/ lBKSET NBKSTN(2) ,BKIMAG(2) ,BKFS(2),BKAS(2),I 2 BKWD(2),BKSTN(10,2),BKHB(10,2),BKLNTH BKWDTH,
2 BKWL(10 2),BKAN(10,2),NSKSET,SKIMAG(25,SKFLS(2),SKALS(2),
2 SXAUS(2$ ,SKHB(2) SKFLWL(2),SKALWL(2),SKAUWL 2),NRDSET,RDIMAG(2)
2 PDRFS(2) RoRAS(2S RDRHB(2).RDRFWL(2),RDLAUfL(), RDTFSý2) RDTAS(25~

15 2 RDTWB25 RDTFWL(25 RDTAWL(2) NSBSET,SBIMAG,(2) ,S0BFtFSk2) .SOBRAS(2)
* 2,SOBRHB(25,SOBR.FH(25,SOBRAW(25,SIBRFS(2),SIBRAS(2),SIBRHB(2),

2 SIBRFW(2) ,SIBRAbW(2) ,SBTFS(2) SBTAS(2),SBTOB(2),SBTFWL(2),
2 SBTAWL(2),NFNSET,FNIMAG(2) ,FNRFS(2) .FNRAS(2),
2 FNRHB(2) FNRFWL(2) FNRAWL(2) ,FNTFS(i) ,FNTAS(2) ,FNTEB(2),
2 FITF~WL(2S ,FNTAWL(25 ,NEXPRD.ENRrO(8) , EiRDS(8)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINNU,COSMU,WTSI,
2 IMMIN ,IMHAX , IDEL ,LMIN ILMAX

REAL SIGMIN,SIGMAX,V,SINI4U,COSMUWTSI(4)
INTEGER ISIGMA,IMMIN,IMMAX, IMDEL ,LHIN, LMAX

COMMON /GEON/ I ,NSTATN ,Y,Z ,NOFSET ,LPP IBEAM ,DRAFT ,LCF,
I VCG,GM.DELGM,NEBLA,KPITCH,KROLL,KYAWKYAWRL,AWP.VCLB,FBDX,FBDY,
2 FBDZ,iFREBD,XPT,YPT,ZPT,NPTS,LCB.GMLASTAT,BSTAT,TITLE,MASS,32 DISPLM,IPITCH,IROLL.IYAWIYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMXWSURF,GIRTH,FBDZV DBLWL TLCB

INTEGER NSTATNNOFSET(265 ,NFREiD,NPTS
c~ikAACT2R~4 TT4 (3 REAL X(25),Y(10,25),Z(10,26),FBDZV(8,10),LPP,EEAM,DBLWL,TLCB,



2IJRAFTILCFVCGGM DELGM.NEBLAKPITCHiKROLL KYAW,XYAWRL,AWPI'VCB, I2FBDX(1O) PBDY(105,PBDZ(1O),XPT(1O),YPT(1OiZPT(1O),LCB,GML,
4 ASTAT(25$,BSTAT(25),MASS,DISPLM,IPITCII,IRULL,IYAW,
5 IYAWRL,CHEAVEPCPITCH,CI{EAPI,CROLL,AREAMX,WSURP,GIRTH(25)

COMMON /PHYSCO/ II.TPI,PI,PIOT,DEGRAD,RADDEG.VKMETR,METRVK,CRAV,U
2 RHO,GNU,RHOS,RHOF,GNUS,GNUF,FTNETR,PUNITS,REYSCL

COMPLEX II
CHARACTER*4 PUMITS(2)
REAL TPI.PIPIOT,DEGRAD,RADDEG,VKMETR,METRVK.GRAV,RHO,GNU,RHOS,

1 RHOP,GNUS,GNUF,F17METR
COMMON /RLDSK/ PSUR(25) ,BMK(2S),DK(2S),CAX(2S) ,HQ,HSPAN,XMNC~ID,

2 HAREA,HXCP,HYCP,HZCP,HGAMMAHYHAT,HEARHLCS',RQ(2),ISPAN(2),
2 RMNCHD(2),RAREA(2),RXCPC2),RYCP(2),RZCP(2),RGAMMA(2LRYHAT(2),
2 REAR(2¾,RLCS(2).SQ(2),SSPAN(2),SMNCHD(2),SAREA(t) SXCP(")I
2 SYCP(2) SZCP(2),SOAMMA(2),SYHAT(2) SEAR(2) SLCS(2ý BQ(2)
2 BSPAN(25 ,BMNCI{D(2),EAREA(2),BXCP(25ý,BYCP(2$,BZCP(2$,BCAMMA(2),
2 BYHAT(2) ,BEAR(2),BLCS(2),FQ(2),FSPAN(2),FMNCHD(2),FAREA(2),
2 PXCPC2) ,FYCP(2),FZCP(2),FGAMMA(2-),EYHAT(2),FEAR(2) FLCS(2),
2P0(2,2), PSPAN(2,2),PMNCHD(2,2¾,PAREA(2,2) PXCP(2 2$ PYCP(2,2),I

2 PZCP(2,2t PGAMMA(2.2),PYHAT(2,2),PEAR(2,2$,PLCS(2,25,
2 STADMP(1OS,SHPDMP(10,8),ENCON,WPHI,TPH'IWMELM(4,9) SFELM(4,9,8)
2 REELM(4,9,8) ,PEELM(4.9.8) ,PEELM(4,9,8) ,HEELM(4,9,85 VBEELM(4P,B5,8
2 ENWM.ENSF(8,8),ENRE(8),ENPE(8),ENFE(8).ENHE(8),ENBE(8,

2~ ~ ~ 4 ENM , ER )ENPL(8),ENFL 8) ENHL(8),ENSL(8),ENBL(8),U2 ENSHP 8,8; .RELM4
19),ITS(26),R Rl2S3,EDDY(8,28),RGB(25)

REAL RDBLK(2692)
EQUIVALENCE (PSuR(a) ,RDBLK(1))5

COMMON /FINCON/ IACTFN,IFCLCS,FGAIN(8),FK(3),FAG3),FB(3).
2 FCLCS(8,2)

COMPLEX 'rLG(3,3) ,EXCLG(3) ,TLGC(3,3) ,EXCLGC(3)

DIMENSION T44T(NRANG)U
* TLG =LHS containing wavemaking danqijii:t on~ly
* EXCLG = RES
* TLGC and EXCLGC are LBS and RTIS corrected by appen~dage and hull
* dampingI
* T44 =WE*B44 (imaginary part of TLG array)
* B44 = roll damping moment
* N (roll decay cofficieat) = B44*WE/(2*C44)
* C44 =DISPLACEMENTGH
* B44 (TOTAL) = B44WM +U

B 44HL + B44RL + B44PL + B44SL + B44BL + B44FL +
* B44SFV + B44EMV + B44BE

* Wavemaking damping - B44WM = AIMAG(TLG(2,2))/WE
* hull lilt dampingg

CALL LSCOF (oMEGA,OMEGAE,0,HSPAN,HMNCHO,HAREA,HLCS,NGAMMA,
2 BXCP:HYCP,HZCP,TLG.EXCLG.TLGC,EXCLGC)

* rudder lift damping

IF (IRLDSET .EQ. 0) GO TO 15
DO 10 K=1,NRDSET
CALL LECOF (OMEGAOMEGAE 2 RSPAN(K) .RMNCED(K)PRAREA(K) ,RLCS(K),
2RGAMMA(K),RXCP(K) ,RYCP(KS,RZCP(KL.TLGC,EXCLGC,TLGC,EXCLGC)I
ANGLE = 180. -UGAMMACK
IF (RDIMAG(K) .GT. 1.)

2 CALL LSCOF (OMEGA,OME:GAE,2,RSPAN(K),RMNCHD(K).RAREA(K) RLCS(K),
2 ANGLE,RXCP(K),-RYCP(K),RZCP(K),TLGCEXCLOC,TLGC,EXCLGC$

10 CONTINUEI

* propeller shalt bracket lilt damping

IF (ISESET EQ. 0) GO TO 19I
DO 16 K=1,NSBSET

IF (L.EQ.2 .AND. SBTBB(K).EQ.0.) GO TO 143
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3 ANGLE PGANNA(K ,L)
IF (ANGLE .GT. 0.) ANGLE =ANZGLE + 160.
CALL LSCOF (OMEGA.ONEGAE 2,PSFAN(K L),PMNCHD(K,L),PAREA(K,L),

2 PLCS(K.L)IANGLE,PXCP(K,L5,PYCP(KIL~IIPZCKýK,L),TLGCPEXCLGC,
2 TLGC,EXCLGC)I ANGLE =- PGAMMA(K,L)

IF (SEIMAG (K) GT.1. .AND. ANGLE.GT.0.) ANGLE = ANGLE + 180.
IF (SOIMAG (K) GT. 1.)

2 CALL LSCOF (OMEGA.OMEGAE 2 PSPAN(K L) PNNCHD(KPL),FAREA(K,L),
2 PLCS(KpL)pANGLE.PXCP(K:LS,-PYCP(K,L5.PZCP(KpL),TLGC,a 2 EXCLGC ,TLGC,EXCLGC)

14 CONTINUE
16 CONTINUE
19 CONTINUE

* keg lift damping
IF (NSKSET .EQ. 0) GO TO 25
DO 20 K:IINSKSET
CALL LSCUF (UMEGA.OMEGAE 0 SSPAN(X).SNNCHD(X),SAREA(K).SLCS(K),

2 SGAMMA(K).SXCP(K) ,SYCP(KS,SZCP(K) ,TLGCEXCLGC.TLGC,EXCLGC)
ANGLE = 180, - SGAMMA(K
IF (SKIMAG(K) .GT. 1.)

2 GALL LSCOF (OMEGA,OMEGAE.O,SSPAN(K),SNNCHD(K),SAREA(K),SLCS(K),3 2 ANGLE,SXCP(K) .-SYCP(K) ,SZcP(K),TLGC,EXCLGC,TLGC,EXGLGC)
20 CONTINUE
25 CONTINUE5 * bilgekee). lift damping

IF (NBKSET .EQ. 0) GO TO 35
DO 30 K=1,NBKSET
CALL LSCOF (OMEGA,OMEGAE IBSFAN(K),BMNCHD(K),BAREA(K).BLCS(K),

2 BGANMA(K) ,BICP(X).BYCP(KS.B'ZCP(K) ,TLGC,EICLGC,TLGC,EXCLGC)I ANGLE =180. - BGAMMA(K)
IF (EKINAG(K) .CT. 1.)

2 CALL LSO (DMEGA. OMECAE,1.RSPAN (10 flNWCHf(K) .ARFA(K) BLCS(K).
2 ANGLE,BXCP(K) ,-BYCP(K) .BZCP(K) .TLGC.EXCLGC.TLGC,EXCLGC5

30 CONTINUE

35 CONTINUE

* in lift damping

IF (EFISET .EQ. 0) GO TO 45
DO 40 K=1,NFNSET
TEMP = FLCS(K)
IF (IFCLCS .EQ. i) TEMP = FCLCS(IV K)
CALL LSUOF (OMEGAOMEGAE 2 FSPAN(KS ,FMNCHD(K) .FAREA(K) ITEMP,I 2 FGANMA(K) ,FXCP(K),FYCP(KS,tZCP(K),TLGC,EXCLGC,TLGC,EXCLGC)
ANGLE = 180. - FGAMMACK
IF (FNINAG(K) .GT. 1.)

2 CALL LECOF (OMEGA,OMEGAE,12,FSPANIK)LFMNCHD(K).FAREA(K) TEMP.

2 'NL.XPK n-YPK ,FCP(K),TLGC,EXCLGCTLG0,EXCLGCSU40 CONTINUE
45 CONTINUE

DO 100 IA=1,NRANG3 * akin friction damping at speed

T44SF REVAL(SFELM(1,ISIGNA,IA) ,UTSI)

T44SFV SKFRSP (OMEGAE,LPP,V,T44SF)

* radder eddy damping
T44RE =0
IF (NRDSET.GT.0) T44RE =REVAL(REELM(1,ISIGMA,IA)LWTSI)

*J propeller shaft bracket eddy damping

T44PE =0

IF (ISBSET.GT.O) T44PE =REVAL(PEELM(1.ISIGMA,IA),WTSI)
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f tin eddy damipingI
T44FE w0
IF (NFNSET .GT. 0) T44FE =REVAL(FEELM0l,ISIGNA,IA).WTSI)

* hull eddy damping3

T44HE r REVAL(HEELM(l,IS1GMA,IA),WTSI)

* eddymaking at speedI

T44EM T44HE i T44RE + T44PE +T44FE
T44EMV EDMKSP (OMEGAE,LPP,V,T44EM)

* bilgnkeel eddy damping3

T44BE =0.
IF (NERSET .Eq. 0) GO TO 70
T44BE = REVAL(BEELM(1,ISIOMA,IA),WTSI)

70 CONTINUE
744T(IA) = T44SFV *T44EMV * T44BEI

100 CONTINUE

RETURN I
C DECK UDLTFT

SUBROUTINE RDLIFT

COMMON /APPEND/' NBKSET,NEKSTN(2) ,HKIMAG(2) ,BKFS(2),BKAS(2).
2 BKWD(2),BKSTN(I0,2),BKHB(lO,2).BKLNTH EKWDTH,

2 KWL(l0 2) ,BKAN(i0,2).NSKSET,SKIMAG(2S,SKFLS(2LSKALS(2),
2SKAUS(2, ,SXHB(2) SKFLWLý2; ,SKALWL(2) ,SKAUWLý2ý ,NROSET,RDINAG2),2RDRFS (2) ,RDRAS(25 IVDRHB2) ,RDRFWL (2) RDRAWL 2 *RDTFS (2) ,RDTAS(2S
2RDTHB(2) RDTFWL(25 RDTAWL(2) NSBSET,SBIMAG(2),SOBRFS (2) ,SOBRAS(25
2SOBRNE(2$ ,SOBRFW 2 ,SOBRAW(2LSIBRFS(2).SIBRAS(2),SIBRHB(2), I
2SIERFW(2) SIBRAW 2 ,SETFS(2),SBTAS(2).SETHB(2),SBTFWL(2),
2SBTAWL(2-),NFNSET,FNIMAG(2),FNRFS(2-) FNRAS(2).
2 FNRHB(2) FNRFWL(2) FNRAWL(2),FNTFS(;2),FNTAS(2),FNTHB(2),
2 FNTPWL(21 ,FNTAWL(2S ,NEXPRD,ENRDO(8) DENRDS(8)I

COMMON /ENVIOR/ VK,NVK,MU,NMU,0M20A,WOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMODNRANG,RANG,RLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NMU,NOMEGA.NSIGMA,NSIGWHNTMOD NRANGNNMU(8)
REAL VlUB) .NU 37,8) .OMEGA(30) ,SIGMA(10) SIGWH(4) ,TMODAL(8),U

2 RANG(8),RLANG(B),S(.30,8),FRNUM(Bt.VFS(85

COMMON /GEOM/ X,NSTATN,Y,2,NOFSET.LPP,BEAMORAfl,LCF,
1 VCG,GM,DELGMPNEBLA,XPITCH,XROLL,KYAW,KYAURL.AWP,VCB,FBDXIYBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTSLCB,GML.ASTAT,BSTAT.TITLEMASS.
2 DISPLN,IPITCH,IROLL.IYAW,IYAWRa..CHEAVE,CPITCII,CHEAPI,CROLL,
2 AREAMX,WSURF,GIRTH,FBDZV DBLWLTLCB

INTEGER NSTATN.NOFSET(255 , NFREBD,NPTS
REAL X(25),Y(10.25L.Z(10.25).F'aozV(u,1o) LPPBEAM,DBLWL,TLCB,

2 DRAFT,'LCFVCG GM DELUM NEBLA,KPITCH,KROuL KYAW KYAWRL,AWP.VCB,I
2FBDX(l0) FBDYt1OLFBOZUO0),XPT(l0).YPT(1OLZPT(10),LCB,GML,

4 ASTAT(255,BSTAT(2&).TITLE(20),MASS,DISPLM,IPITCH.IROLL,IYAW,
S IYAWRLL, CHEAVL,CPITCH, CHEAPI, CROLL, AREAMX, WSURF. GIRTHN(26)

COMMON /PHYSCO/ II,TPI ,PI,P1OT,DEGRAD,RADDEG,VKMEThNE:TRVK,GRAV,I
2 RHOIGNU,RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPIPI,PIOT.DEGRAD.RADDEG,VKMETR,METRVK,GRAV.RHO.GNURLHOS,I

I RHOF,GNUS,GNUFFTMETR

COMMON IRLDBKI PSUR(25),BMK(26).DK(25),CAK(2&),NQ,HSPAN.HMNCHD.
2 HAREA,BXCP,HYCP HZCPHGAMNAHYHAT HEAR HLCS,RQ(2) RSPAN(2)
2 RNNCHD(2),RAREAL2) PXCP(2).RYCP(25,RZCP(2),RGAMMAZ2),RYHATt2),U
2 REAR(2LRLCS(2),SQt2),SSPAN(2),SMNCHD(2),SAREA(2) SXCPc'),
2 SYCP (2) SZCP(2) SGAMMA(2).SYHAT(2) SEAR(2) SLCS(2S BQ(21)

UCDA)3(fl-RNUC14)b, ARrA(2) .RXCP(2SBYCP()5.BZCP()5,BG'AMMA(2),
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I2 DYllAT(2),DEAR(2),D;.Cs(2),rQ(2),rsrPAN(:),PMNCHD)(2),FAnRA(:).
2 PXCP(2) .FYCP(2-), rc.P('fl,vGAHMA(2),FYnAT(?-),rFAp(:,.rILCS'2),
2 PQ(2,2) ,PSPAN(2.2).PMNCIID(2-,2),PAREA(2,2) PXCP(2 2),PYCP(2-,2),
2I PZCP(2 2) PGANMA(2,2),PYHAT(2,2),PEAR(2-ý,1 PLCr(fl-ý 2),
2 STADMPt1OS,SHPDMP(1O,D),ENCO-N,WýPH1,TPHI,,WMELN(4,95,SýFLH(4,P,8),U2 REELM(4,9~f8),PEELH(4,9,D),PEELM(4,9,8),HEFLM(4,9,D),REELM(4,9,tO,
2 ENWM,ENSF(8.8),ENRE(8),ENPE(PYEFNFE(8),ENBE(8),ENPF-(8¾
2 ENEMV(5.8).ENRL(8),ENPL(SLENFL(8' [NIH1 ()F.NSL(e),ENPL(8).
2 ENSHP(8.8),RELM(4,9),ITS(25),RD(25,DY82lRD2~

REAL RDDLK(2692)I ~EQUIVALENCE (PSUR(1) ,RDDLK(1))
REAL LCS,MCRORD

IF (NRDSET .EQ. 0) GO TO 20
EN =0
STASPC =LPP/20
DO 10 K=1,NRDSET
XRTF -LCD - RDRFS(X)*STASPC
XRTA QLCD - RDRAS K)*STASPC
XTPF = LCD - RDTFS K *STASPC
ITFA =LCD - RDTAS(K)*STASPC
YRT =RDRHE (N)
YTP = RDTHE (K)
ZRT = ýRDRFWL(K) 4 RDRAWL (K))/2 - ODBLWL4VCG)I ~ZTP =RDTFWL(K) 4 RDTAWL (K)) /2 - (DBLWL4VCG)
SPAN =SQRTC(ZRT-ZTP)**2 + (YTP-YRT)..2)
Q =RDINAG(K)
MCHORD =0.5*((XTPF-XTPA) + (XRTF-XRTA))U CR =XRTF - XRTA
CT =XTPF - XTPA
IRQC = XRTF - 0.2&*CR
ITQC = ITPF - 0,2E'*CT
DX XRQC - XTQC

H SQRT(DX*DX +SPAN*SPAN)

SECLAM2 = 1./(COSLAM*COSLAN)3 * LAM = ACOS(SPAN/H) = quarter chord sweep angle in radians

C Area

AREA = SPAN*MCHORLD

* center of pressure

ZP a0.5e(-ZRT + ZTP)
YP =0.5* (YRT + YTP)
1Oa0Q.5* (XTF 4 ITPF)
ICP 10X - 0.25*MCHORLD

GAMMA = -90
IF (ARG .LT. 1) GAMMA =-ASIN(ARG)4'RADDEG
GAM GANMA*DEGRAD

.i:ueA aspectSGM ratioIN(AM

EAR =2*SPAI/MCHORD

lift curve slope

LCS = 1.8.PI*EAR/(COSLAM*SQRT((EAR*SECLAM2)**2 + 4) + 1.8)

RSPAN(K) = SPAN
RMNCHD(K) = MCHORD
RAREACK = AREA



RXCP () = zer3
RYCP (JO= YCP
RZCP (K)= 2C
RGAMMA(K) GAMMA
RYHAT(K) YHAT

REAR(JO EAR

EN = EN .q(RIEO/-) *AREA *LCS*YHAT* Y)IATtWPH1 *FEN CON
10 CONTINUE
20 CONTINUE

DO 30 IV=1,NVKI
ENRL(IV) =0.
IF (NRDSET .GT. 0) LwNRL(Iv) =EN*VFs(iV)

30 CONTINUE

RETURN3
END

C DECK RDPELM
SUBROUTINE ROPELM3

* eads spline element data for 2-d potentials and forces
W WR.MCCREIGHT DTNSRDC JULY,.1977

COMMON 1(113D/ ISIGNA,SIGMIN,SICMAX,V.SINMU.COSMU,WTS1,
2 IMNIN,IMMAX,IMDEL.LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU.COSMU,WITSI(4)
INTEGER ISIGMA,IMMIN,IHMAX.IMOEL,LMIN,LMAX

COMMON /GEOM/ X,NSTATN,Y.2,NOFSET,LPPI,BEAM,DRAFT,LCF,
1 VCG.GM,DELGMNEBLAKPITCH,RROLL,XYAWI,KYAWRL,AWP,VCB.FBDX,FBDY.
2 PEDZ,NFREBD,IPT.YPT,ZPT,NPTS,LCB,OML.ASTAT,BSTAT,TITLE,MASS,
2 DISPLM.IPITCH.IROL.L,IYAW.IYAWRL,CHEAVEý,CPITCH,CRiEAPI,CROLL,
2 AREAMI ,WSURF,GIRTN,FBDZV DBLWL,TLCB

INTEGER NSTATN .NDFSET(255 ,NFREBD.NPTS
CU AACTR'4TITLE(210)U

REAL X(2&-'s),Y(1O0,2S)I2(I0,2S).FBOZV(8,10),LPP,DEAM,DBLWL,TLCE,
2 DRAFT,LCF,VCG,CU4 DELGMNEBLA,KPITCH,KROLL KYAW,KYAWRLAWP.VCB,
2 FBDI(10) FBDY(1O$,PBDZ(10),XPT(1O),YPT(l0S,ZPT(10),LCIJ,CML,
4ASTAT(255 ,DSTAT(25),MASS.OISPLM,IPITCH,IROLL,IYAV I

& IYAWRL,CHEAVE,CPITCII,CHEAPI,CROLLDAREAMX,WSURF,CIRTH(26)

COMMON /INDEX/ PFIDI.LPFIDXRMIDI,LRNIDX,SVIDI,LSVIDI
INTEGER LPFIDI LRMIDX LSVIDX
REAL PFIDI(2355 .RMIDYUE3) .SVIDX(3)I

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL.ICARD,TEXFIL,IPRIN,
2 SCRrILNPLFIL,LRAFIL.ORGFIL.RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,PO1-FIL,COrFIL,LCOFIL,ICARD,TEXFIL,IPRIN,I
2 SCRrIL,RPLFIL,LRLAFIL,ORGFILRACFIL,RMSFIL,SEVFIL,SPDrIL,

2SP-TFIL,LACFIL,LAEFIL

COMMON /PELEM/ PELEM
COMPLSX PELEM(4.1000)I

COMMON /STATE/ LAT,VRT *LOADS ,ADORES. SALTREADEXROLL ,DKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL.EKEEL

DIMENSION DATA(320)I
INTEGER PSTORE

NODSK=O
PSTORE= I
DO 1 ISTATN=I.NSTATN
INDEX=(ISICMA-1 ).NSTATN+ISTATN
NHODE=NOFSET (ISTATH)
IF(NNODE LT.. 2) GO TO 1
NDATP:0 I
IF (VRT) !!DATP=1G#NNODE",t,nr'r
iF kLAL) aDATF-hDýATri!I~Aw&,.
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* chanpge for VAX/VMS version

* COG CALL READMS(POI-h1L,DATA,NDATP,INDEX)

READ (POTFIL,REC=INDEX) DATA

NEXT~l
Do 2 311,NNODE
DO 3 -'MODEtIMNIN,IMMAX.XKDEL
DO 4 Sý1,4
PELEM(I,PSTORE)=CMPL.X(DATA(NEXiý) DATA(NEXT+ 1))
NEXT=NEXT421

4 CONTINUE
PSTOHE=PSTORE+ I

3CONTINUE
2 CONTINUE

NODSK=NODSK+N NODE
IF ((NEXT-1).NE.NDATP) WRITE (IPRIN,E~i) ISICMA,ISTATN

t001 FORMAT (//' WARNING - IN RDPELM FOR ISICKA =11,
4 'AND ISTATN = .1b/
+ NO. OF DATA ELEMENTS READ IS NOT EQUAL TO NO. OF DATA',
+ 'ELEMENTS UNPACKED'/)
ICONTINUE

RETURN
END

C DECK RDPRIN
SUBROUTINE ROPRIN

- ~COMMON /APPEND/ NBKSET,NBESTN(2) .BKIMAG(2) .BKFS(2),BKAS(2),
2 BKWD(2),BXSTN(1Q.2),BKHB(1O,2ý).BKLNTH BKWDTBi
2 BKWL(10 2),BKAN(1O,2tuNsKsEr,SKIMAG(23,SKFLKt2).SKALS(2),
2 SKAUS(2SSKHBC2),SKFLWL(2).SKALWL(ý)',SXAUWL(2),NRDSETRDI) MAG(2)
2 RDRFS(2 ,RDRAS(2) RDRHB(2) ,RDRFWL(2) .RDRAWL(2) ,RDTFS(2 ).DTASQSý

2 BTW(2,FNENAG2FiS()FRS2,

2FNTFWL(2S,FNTAWL(25,NEXPRD,ENRDO(8).ENRDS(8)

COMMON /ENVIOR/ VK*NVK,MU,NMU,OMEGA,NONEGA ,SIGMA.NSICH4A,SIOWU,
I NSIGWHTMODAL,NTMODNRANG.RANC,RLAMG,S,NNMU,FRNUM,VFSI INTEGER NVK,NMU.NOMEGA,USIGMA.NSIGWHNTMOD,NRANG.NNMU(8)

REAL VK(8) MU(37,Dj) OMEGA(30),SIGMA(IO) SIGWH(4),TMODAL(B),
2RANG(8).RLANG (a),s(3,8).FRNUMkB),VFS(65

COMMON /GEaM/ X,NSTATN,Y.Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM.NEBLA,KPITCH.KROLL,KYAW,KYAWRLL,AWP,VCB,FEDX,FBDY,
2 FEDZ,NFREEDXPT,YPT,ZPT,NPTS,LCB,GML,ASTATBSTAT,TIVELE,MASS,
2 DISPLN.IPITCB.IRDLLIYAW.IYAWRL,CHEAVE,CPITCH,CHEAPI.CROLL,
2 AREAMXI ,WURF .GI0-THFDZ DBLWLTLCB

INTEGER NSTATN .IOFSET(2&5 ,NFREBD,NPTSI ~CHARACTER*4 TITLE(20)
REAL X(2S),Y(1O,2&).Z(1O.2S),rBDZV(8.IO).LPP.BEAM,DBLWL,TLCB,

2 DRAFT LCF.VCG GM BELCH NEBLAKPITCH KROLL KYAW NYAURL,AWP,VCB,
2 FBDX(iO) FBDYt1O5,FBDZUIO),XPT(1O).YPT(105,ZPTtIO),LCB.GML,
4 ASTAT(255,BSTAT(25),MASS,D)ISPLN.IPITCH,1ROLL,IYAW.

5 IYAWRL,CHEAVE,CPITCII,CUEAPI,CROLL,AREAMX,WSURF.GIRTH(25)

COMMON /10/ sYSFIL,POTFIL,COFFIL,LCOF1L,ICARD.TEXrIL,IPRIN,
2 SCRFIL,HPLFIL.LRAF1L,URGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL.LACFILLAEFIL

2INTEGER SYSFIL.POTFIL,COFFILLCOFILICARD,TEXFIL,IPRIN,

3 COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD.RADDEG,VRHETh,METRVK,GRAV,
2RHO *GNU, RHOS ,RHOF, GNUS ,GNUF,FTMETa ,PUNITS ,REYSCL
COMPLEX I1
CHARACTEK'4 i'umIYS(2)-
REAL TPI,PI,PIOT,DEGRAD.RADDEG,VKMETR.METRVN,GRAV.RBO,GNU,RIMOS.
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1 RHOF ,GNUS, ONUF, FTMETR3

COMMON IRLDBK/ PSUR(25) ,BMK(25) ,DK(25) ,CAK(25), ,QHSFAN,HMNCHD,
2 HAREA,HXCP,HYCP,HZCP,HGAMMAHYHAT HEAR HLCS,RQ(2LRSFAN(2),
2 RMNCHD(2),RAREA(2),RXCP(2),RYCP(25,RZCP(2),RCAMIMA(2),RYHAT(2),
2REAR 2)*RLCS 2ý SQ(2),SSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),I

2 SYCP(2) SZCP 2 ,SGAMMA(2),SYHA+t7') SEAR(2) SLCS(25 BQ(2),
2 SA(,BCH(2 AE()BC(iYC2,BC(,BAM()
2 ByHAT(2),BEAR(2),BLCS(2),FQ(2),FSPAN(2),FMNCHD(2) FAREA(2),
2 FXCP(2) FYCP(2),FZCP(2),FGAMMA(2),FYHAT(2) FEAR(25 FLCS(2),
2PQ(2 ,2).PSPAN(2.2),PMNCHD(2,2),PAREA(2,2) PXCP(2,25,PYCP(2,t, I

2 PZCP(2,2) PGAMMA(2,2),PYHAT(2,2LPEAR(2,21 PLCS(2 2),
2 STADMP(10S,SHPDMP(10,8),ENC.ONWPHI,TPHI,WMELM(4,95 SFELM(4,9 8)
2 REELM(4,9,8),PEELM(4,9,8),FEELM(4,9,B),HEELM(4,9,85,BEELM(4,9,8S,
2 ENWM,ENSF(8,8) ,ENRE(8) ,ENPE(8) ,ENFE(8) ,ENHE(8) ,ENBE(8),
2 ENEMV(8,8) ,ENRL(8) ,ENPL(8) ,ENFL(8) ,ENHL(8) ,ENSL(S) ,ENBL(8),I
2 ENSHP(6,8),RELM(4,9),ITS(28),RD(25),EDDY(8,25) ,RCB(2S)

REAL RDBLK(2692)
EQUIVALENCE (f'SUR(i) ,RDHLR(1))

DIMENSION TEMP(8)I

DATA METER! METE'!

WRITE (IPRIN.1000) TITLEU

* ship particulars

DlSPLT = MASS*.001U
IF (PUNITS(1) .NE. METER) DISFLT =MASS*GRAV/2240.
WRITE (IPRIN,1O10) LPP,GM,BEAM,KROLL,DRAFT,WPHIDISPLT,TFHIi

* hull and appendage particulars

WRITE (IPRIN,1020)
WRITE (IPRIN,1030) HQ ,HGAKMA,HMNCHD,HSPAN,HAREA,HICPHYCP,HZCP,

2 HYHAT,HEAR,HLCS
IF (NSKSET .GT. 0) WRITE (IPRIN,1040) (SQ(I),SGAMMA(!8,SMNCHD(I),

2 SSPANCI),SAREA(I),SXCP(I),SYCP(I),SZCP (I) ,SYHAT(I),SEAR(I),I
2 SLCS(I),I=1,NSKSET)

IF (NRDSET .GT. 0) WRITE (IPRIN,10SO) (RQ(I),RGAMMA(I),RMNCHD(I),
2 RSPAN(I),RAREA(I).RXCP(I),RYCP(I) ,RZCP (I) ,RYHAT(I),REAR(I),
2 RLCS(I),I=1,NRDSET)
IF (ESESET .EQ. 0) GO TO 4I

IF (SHTHB(K) ,.EQ. 0.) M 1
WRITE (IP'%IN 1055) CPQ(K,L)¾PGAMMA(K L) PMNCHD(K.L),PSPAN(K,L),

2 PLCS(K,L),L1I,M)I
2 CONTINUE
4 CONTINUE

IF (NERSET .GT. 0) WRITE (IPRIN,1060) (SQ(IXEBGANMACI),BMNCHD(I),
2 ESPAN(I),BAREA(1),BICP(I),BYCP(I),BZCP(I),BYHAT(I),BEAR(l)I
2 BLCSCI),I=i,NBKSET)

IF (NFtiSET .GT. 0) WRITE (IPRIN,1a70) (FQ(I),FGAMMA(I),FMNCHD(I),
2 FSPAN(I),FALREA(I),FXCPCI),FYCP(I),FZ"CP(I),FYHAT(I),FEAR(I),

* total roll decay coefficient, FLSIN4,FST

WRITE (IPRIN,107&)
WRITE (IPRIN, 1080) (RLANG(IA),IA=1,NRANG)I

WRITE (IPRIN,1090) VK(IV) ,(ENSHP(IV,IA),IA=l,NRANG)
10 CONTINUE

WRITE (IPRIN,1000) TITLE

* roll decay coefficients grouped by hull and appendages

WRITE (IPRIN,1100)I



* hull and skeg

WRITE (IPRIN,i110)
WRITE (IPRIN,1080) (RLANG(IA) 1IA8INRANG)UDo 30 IV=1,NVK
DO 20 IA=1,NRANG
ENHEV = EDMKSP(WPHIPLPP VFS(IV) ,ENHE(IA))
TEMP(IA) =ENWM + ENSF(IV,IA) +ENHEV + ENHL(IV) ENSL(IV)

20 CONTINUE
WRITE (IPRIN,1090) VK(IV),(TENP(IA).IA=1,NRANG)

30 CONTINUE

* rudder

IF (NEDSET .EQ. 0) GO TO 60
WRITE (IPRIN,1120)
WRITE (IRIN,1080) (RLANG(IA) ,IA=1,NRANG)
DO 60 IV=1,NVK
DO 40 IA=1,NRANGI ENREV = EDMKSP(WPHI.LPP VFS(IV),ENRE(IA))
TEMP(IA) = ENREV + ENRIAIV)

40 CONTINUE
WRITE (IPRIN,1090) VK(IV),(TEMP(IA).IM1.,NRANG)

SO CONTINUE

60 CONTINUE

* propeller shaft brackets

3 ~IF (NSBSET .EQ. 0) GO TO 66
WRITE (IPRIN, 1125)
WRITE (IPRIN,1O80 )(RLANG(IA) ,1A1 ,NRANG)
DO 64 IV=1,NVK
DO 62 IA1.,NRANGIENPEV = EDNMKSP(WPRI,LPP.VFS(IV),ENPE(IA))
TENP(IA) = ENPEV + ENPL(IV)

62 CONTINUE
WRITE (IPRIN,1090) VK(IV),(TEMP(IA),1A1I,NRANG)

64 CONTINUE

66 CONTINUE
* bilgekeel

IF (NBKSET ,EQ. 0 GO TO 90
WRITE (IPRIN,1130
WRITE (IPRIN 31080ý (RLANG(IA) ,IAfl ,NRANG)
DO 80 IV=1,NVK
DO 70 IA=1,NRANG
TENPCIA) = ENBECIA) + ENBLCIV)I70 CONTINUE
WRITE (lPRIN,1090) VK(IV),CTEHP(IA).1A1I,NRAdG)

80 CONTINUE
90 CONTINUE

fin

IF (IFISET .EQ. 0) GO TO 120
WRITE (IPRIN,1140ý
WRITE (IPRIN.1080 (RLANG(IA) IIA=1,NRANG)

DO 110 IV=1,NVK
DO 100 IA=l,IRANG
ENFEV = EDMKSPCWPHI,LPP.,VFS(IV) ,ENFE(IA))
TENPCIA) =ENFEV + ENFLCIV)I100 CONTINUE
WRITE (IPRIN,l090) VK(IV)A(TEKP(IA),IA=1,NRAWG)

110 CON -AUE
120 CONTINUE

WRITE (IPRII,1000) TITLE

* roll decay coefficients grouped by damping mechanism

WRITE (IPRIN,ii60)
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* wavemakingI

WRITE (IPRtIN,1160) ENUM

* skin friction3

WRITE (IPRIN,117o)
WRITE (IPRIN,loso) (RLANG(IA),IA=1,NRANG)
DO 130 IV=1.NVK
WRITE (IPRIN,1090) VK(IV),(ENSF(IV,IA),IA=1,NRANG)I

* eddymaking (excluding bilgekeel)

WRITE (IPRIN 1180)I
WRITE (IPRIN ,1080) (RLANG(IA).IA=1 .NRANG)
DO 140 IV=1,NVK
WRITE (IPRIN,i090) VK(IV),(ENEMV(IV,IALIA=1.NRANG)

140 CONTINUE
IF (NBKSET .EQ. 0) GO TO 145I

* bilgekeel eddymaking

WRITE ýIPRIN,1190ý
WRITE IPRiN, 1200 RLANG(IA) ,IA:1 ,NRANG)
WRITE IPRIN,1205 ENBE(IA) ,IA=1,NRANG)

145 CONTINUE

* lift N values3

WRITE (IPRIN,121o)
DO 160 IV=1,NVK
ENLFT = ENHL(IV) + ENSL(IV) + ENRL(IV) + ENPL(IV) <,EIBL(IV)

2 + ENFL(IV)I
WRITE (IPRnINlogo) VK(Iv) ,ENEL(IV) ,ENSL(IV) ,ENRL(IV) ,ENPL(IV),
2 ENDL(IV),ENFL(IY),ENLFT

150 CONTINUE
1000 FORMAT (iH1,9X,20A4//)
1010 FORMAT (401 *16HSHIP PARTICULARS//32X,SHLPP =,F8.2,8X,

2 THGM =,F6.2/32X,8HBEAM =,F8.2,SX,7HKROLL =,PS.2,IHB/32X,
2 SHORAFT =,F8.2,BX,THWPHI =,FO.i/32X,8HDISPLM =,FB.0,8X,
2 7HTPHI =,FS.2)

1020 FORMAT (/I//35X,3OHHULL AND APPENDAGE PARTICULARS//17X,
234HQ GAMMA MCHORD MSPAN AREA,SX,3HXCF,5X,3HYCP,SX,3HZCP,I

2 4X,4HYHAT ,5I,3HEAR,51, 3HLCS/)
1030 FORMAT ('HULL ',FB.0,FB.1,7F8.2,2F .3)
1040 FORMAT C'SKEG ',FB.0,F8.l,7F8.2,2F83
1050 FORMAT ('RUDDER ',FS.0,F8.i,7F8.2,2F8.p
1.055 FORMAT 'BRACKET ',F8.0,F8.1,7F8.2,2F8.3)
1060 FORMAT 'BILGEREEL',F8.0,F8.l,TFB.2,2F8.3)
1070 FOMT( FIN ',F8.0,FB.l,7F8.2,2F8.3)
1075 FORMAT (I,///351,3OHSHIP ROLL DECAY COEFFICIENT, N)
1080 FORMAT (/13X.1OHSHIP SPEED,171,2OHMEAN ROLL ANGLE (SA)/l5x,

2 7H(KNOTS) ,23X,9H(DEGREES)/23X,8F7.1/)I
1090 FORMAT (16X,F4.0,3X,8F7.3)
1100 FORMAT (331 ,34HROLL DECAY COEFFICIENTS GROUPED BY/

2 40X,19HHULL AND APPENDAGES)
1110 FORMAT (//401,1GHBARE HULL PLUS SKEG/251,

2 49H(WAVEMAKING, SKIN FRICTION, EDDYMAKING, AND LIFT))
1120 FORMAT (//45X,6HRUDDER/37X,22H(EDDYMAKING PLUS LIFT))
1126 FORMAT tk//36X,24HPROPELLER SHAFT BRACKETS/37X,

2 22H(EDDYMAKING PLUS LIFT))
1130 FORMAT (//43X,9HBILGEKEEL/371,22H(EDDYMAKING PLUS LIFT))
1140 FORMAT (//47X,3HFIN/37X,22H(EDDYMAKING PLUS LIFT))I
1150 FORMAT (331,34HROLL DECAY COEFFICIENTS GROUPED BY1431,

2 13HDAMPING TYPES)
1160 FORMAT (//40X,12HWAVENAKING =,F7.3)
1170 FORMAT (//42X,13HSKIN FRICTION)I
1150 FORMAT (//32X,33HEDDYNAKING (EXCLUDING SILGEKEELS)/301,

2 38HCHULL, SKEG, RUDDER, BRACKET, AND FIN))
1190 FORMAT (//jUX,2unhbarLGEa.E EDDYAAKING)
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1200 FORMAT (/401,2OHMEAN ROLL ANGLE (SA)/45X,9H(DEGREES)/23X,8F7.1/)
1205 FORMAT ý23X,8F7.3)
1210 FORMAT 1/47X, 4HLIFT//i3X,1OHSHIP SPEED,

2 49H HULL SKEG RUDDER BRACKT BILGKL FIN TOTAL/iSI.
2 7H(KNOTS)/)

RETURN
END

C DECK RDSMPSYS - Read SMPSYS.TEX FILEI SUBROUTINE RDSMPSYS

COMMON /10/ SYSFIL,POTFIL, COFFIL,LCOFIL ,ICARD ,TEXFIL ,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL.ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,32 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL ,LAEFIL

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,

2 LSDS,LHALOS,LDEVLPRN,LSNPPS,LSMPIS,LSMPOS,LSMPDS,LSHFTYPS,
2 LSHIPS,LTITLES

CHARACTER* 160 ASI ~CHARACTER*80 FIS,515.505 ,SDS ,TITLES
CHARACTER*20 HALOS ,DEV ,PRN ,SMPPS, SMPIS ,SMPDS ,SMPDS ,SHPTYPS
CHARACTER SHIPS*6,VARS*2,CYCLS*2
INTEGER*2 OPTION

*10 FORMAT (A)

FIS ='SMPSYS.TEX'
OPEN (SYSFIL,FILE=FIS,STATUS='OLD')U READ (SYSFIL.10) AS !HALO program path
CALL SLENTH (AS.LHALOS)
HALOS AS(19:LHALOS)
LUALOS LHALOS - 18U READ (SYSFIL,10) AS IHALO graphics screen driver
CALL SLENTE (AS,LDEV)
DEV = AS(29:LDEV)
LDEV = 123EV - 28I READ (SYSFIL,i0) AS IHALO printer driver
CALL SLENTH (AS PLPRN)
PRN = AS(21:LPRN)
LPRN = LPRN - 20

Rr¶') (SYSFIL.10) AS SMP program path
Ltl SLENTH (ASLSMPI'S)
SMPPS AS(i8:LSMPPS)
LSMPPS =LSMPPS - 17

READ (SYSFIL.10) AS I SMP input path
CALL SLENTH CAS,LSMPIS)
SMPIS =AS(16:LSHPIS)

LSMPIS =LSMPIS - 15
READ (SYSFIL,1O) AS ISMP output path
CALL SLENTH (AS .LSMPOS)
SMPOS AS(17:LSMPDS)

LSMPOS =LSMPOS - 16

READ (SYSFIL,10) AS ISMP data path
CALL SLENTH (ASLSMPDS)
LSMPDS = 5LSMPDS)-1
TSMPDS A(LSMPDS)-1

READ CSYSFIL,1O) AS IShip type
CALL SLENTH (AS ILSUPTYPS)

3 121



SHPTYPS =AS(11:LSHPTYPS)I

READ (SYSFIL,10) AS Current ship
CALL SLENTH (ASLSHIPS)
SHIPS =AS(14:LSHIPS)I
LSHIPS = LSHIPS - 13
IF (LSEIPS .GT. 6) LSHIPS 5

READ (SYSFIL,1O) AS Hull variant letter
VARS =AS(9:9)I
READ (SYSFIL,10) AS !Cycle number
CALL SLENTH (AS LAS)
CYCLS =AS(7LAS)

CALL SLENTH (CYCLS,LCYCLS)

READ (SYSFIL 10) ASTil
CALL SLENTH ýAS,LTITLES)Til
TITLES =AS(9:LTITLES)I

READ (SYSFIL 10) AS Option number
READ (A,1'(7X,12)') OPTION3

CLOSE (SYSFIL)

SIS = SMPIS(1:LSMPIS)//'\V//SHPTYPS(1:LSHPTYPS)//'\'//
2 SHIPS(1:LSHIPS)//VARS(1:1)//CYCLS(1:LCYCLS)

CALL SLENTH (SIS,LSIS)
SOS = SMPOS(1:LSMPOS)//'\V//SHPTYPS(1:LSHPTYPS)//'\V//

2 SHIPS(1 :LSHIPS)//VARS(1: i)//CYCLS(1:LCYCLS)
CALL SLENTH (SOS 1LS05)

SDS =SMPDSQI~:LSMPDS)//'\'//SHIPS(1:LSHIPS)//'\'//
2 SHIPS(1:LSHIPS)//VARS(1:1)

CALL SLENTH (SDS,LSDs)

RETURNI

C DECK READ
SUBROUTINE READ

COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIMAG(2) ,BKFS(2) ,BKAS(2),
2 BKWD(2),BKSTN(10,2),BKHB(10.2),BKLNTH BKWDTH,
2 BKWL(10 2),BKAN(10,2),NSKSET,SKIMAG(25,SKFLS(2) ,SKALs(2),
2 SKAUS(2j,SKHB(2) SKFLWL 2 ,SKALWL 2 ,SKAUWL 2 ,NRDSET,RDIMAG(2)I
2 RDRFS(2 ,:RDR.AS(25 RDRHB 2 ,RDR.FWL 2 ,RDRAWL(2) RDTFS(2),RDTAS(2S,
2 RDTHB(2) RDTFWL(25 RDTAWL(2) NSBESET SBIMAG(2),S0BR.FS(2),SOBRAS(2)
2ý,SOBRHB (2ý ,SOBRLFW(2 :SOBRAW(2i.SIBRFS(2),SIBRAS(2),SIBRflB(2),
2 SIBRFW(2) ,SIBRAW(2 ),SBTFS(2),SBTAS(2),SBTHB(2).SBTFWL(2),
2SBTAWL (2) ,NFNSET,PNIMAG(2) iR.FS(2),FNRAS(2),I

2 FNRHB(2) FNRFWL(2) FNRAWL(2) ,FNTFS(2) ,FNTAS(2),FNTHB(2),
2 FNTFWL(25 ,FNTAWL(25 ,NEXPRD,ENRDO(8) .ENRDS(8)

COMMON /DATINP/ OPTN,MOTN ,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPRADRPR,ORGOPTN,GMNDM,KG,STATN(25) .NSOFST(25),
2 NLEWF(26) HLFBTH(10,25),WTRLHE(I0,25),BLEWF(25),TLEWF(26),
2 AREALF(255 ,NPTLOC,PTNUMB(10) ,PTNAMIE,XPTLOC(I0) ,'PTLOC( 10),
2 ZPTLOC (10) ,NBE FBNUMB(10),FBNAME,XPTFBD(10),YPTFBD(10),
2 ZPTFBD (10) ,PBCODE(10),FBTYPE,RDOT(I0),VKDESFNDES,
2 STATNM,STATISI
CHARACTER*4 PTNAME(8,10),FBNAME(8,i0),STATNM(5),FBTYPE(3,10)
INTEGER OPTN ,MDTN ,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,

2 FBNUMB ,PT NUM B,ORGOPTN
REAL KGI
COMMON /ENVIUR/ VKNKHMKEANHGIX

1 NSIGWII,TMODAL,NTMOD,NRANG,RANGRLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NMU,NOMEGANSIGMA,NSIGWH,NTMOD,NRANG,INMHU(8)5
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REAL VK(8),MU (37,8) OMEGA(30) SIGMA(iO) SIGWH(4),TMODAL(8),
2 RANG(S) PELNG (8),S(30,8),FRNUM(8),VFS(83

COMMON /FINCON/ IACTFN,IFCLCS,FGAIN(8),FK(3),FA(3),FB(3),
2 FCLCS(8,2)

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBLA,KPITCH,KROL.L,KYAW,XYAWRLAWP,VCB,FBDX,FBDY,
2 FBDZ,NFREHDXPT,YPT,ZPT,NPTS,LCE.GML,ASTAT,BSTrAT,YiITLE,MASS,
2 DISPLM,IPITCII,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPICROLL,
2 AREAMX,WSURP,GIRTH,FBDZV DBLWL TLCB

INTEGER NSTATNINOFSET(2655NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(26),Y(10,25),Z(10.25),FBDZV(B,10),LPP,BEAM,OBLWL,TLCH,

2 DRAFTLCFVCGGM DELGMNEBLAKPITCH KROLL KYAWKYAWRL,AWP,VCB,
2 FBDX(10),FBDY(1OLFBDZ(1O),XPT(10),YPT(1OLZPTýiO),LCB,GML.
4 ASTAT(25) ,BST'AT(25) ,MASSDISPLM,IPITCH,IROLL,IYAW,
S IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTH(25)

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDKLSVIVIX
REAL PFIDX(2355 ,RMIDX183) ,SVIDX(3)

COMMON /10/ SYSFILPOTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,1CARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL, LACFIL, LAEFIL

COMMON /LOADS/ NLOADS,SWGHT(25) ,SMASS(26) ,XLDSTN(10) ,XLDXPT(25).
2 LSTATN(25)

COMMON /PHYSCO/ II ,TPIP1 ,PIOT,DEGRAD ,RADDEG ,VRMETh,METRVK ,GRAV,
2 RHO ,GNU,RHOS ,RHOF,GNTS ,GNUFFTHETR,PUNITS ,REYSCL

COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,

1 REOF,GNUS,GNUF,FTrMETR

COMMON /RESPN/ NRESP,IPOINT(i82) ,IMOTN\(182) ,ITYPE(182),
2 ILIN(182),15YM(182)

LOGICAL ILIN,ISYM

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2 SM?OS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 VSDS ,LHALOS ,LDEVLPRN,LSMPPS ,LSMPIS ,LSMPOS ,LSMPDS ,LSHPTYPS,
2 LSHIPS,LTITLES

CHARACTER* 160 AS
CHARACTER*80 IS ,SIS ,SOS ,SDS ,TITLES
CHARACTER*20 HALOS ,DEV,PRN ,SH!PPS ,SMPIS,SMPOS,SHPDS ,SHPTYPS
CHARACTER SHIPS*6, VARS42, CYCLS*2
INTEGER*2 OPTION

COMMON /STATE/ LATVRT,LOADS ,ADDRES PSALT,HEAD.EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES ,SALT,HEAD ,EXROLL,BKEEL

CHARACTER*4 ALL, ROLL, EQVLIN
CHARACTER*4 ROOT,TIP ,ROOTOB ,ROOTIB ,LINES,LEWIS ,TLEWIS
INTEGER HFE
DIMENSION FREQ 1(30) ,FREQ2(30) ,FREQ3(30) ,FREQ4(30),

2 P(2,10) ,PSEGS (8,9)
CHARACTER*4 SLAM(3) ,EMEG('3) ,sUBM(3) ,STNM1 (3)
CHARACTER*4 METER

DATA METER /'METE'/
DATA SLAM /P SLA','MMIN','G '
DATA EMEG P' EME','RGEN','CE VI
DATA SUSM It SUB','MERG','ENCE'/
DATA FREWi /.2,.25,.28,.3,.32,.34..36,.38,.4,.42,.44,.46,.48,.S,

2 .525, .5&67, .6.6565.b,.,.,u.,iii2i&2/
DATA FFEE4 .,2.,3,.,45.&.7,S,55.S.7,6
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2.65,.7,.75,.8.5 9.51 1112131416182 2224

* DATA FREQW12 3 4 3 6 7 8 .5 9 9,.,.5i11.5

DATA FREQ3I.,34,5.5.7,6.2,6 .657,2,7,

DATA FREQ4 12 4 6.,.111213141S16171819
2 2. ,2.1,2.2,2.3,2.4,2.5r,2.6,2.7,2.8,2.9,3. ,3.2,3.4,3.6,3.8,4./
DATA ALL,ROLL /lALLl,'ROaL'/
DATA STNM1 /'SIGN','IF.A','MPL.'/
DATA EQVL1N /'EQVL'/
DATA ROOTTIP /'ROOT','TIP'/I
DATA ROOTOB,ROOTIB /'RTOB' ,'RTIB'/
DATA LINES,LEWIS /'LINE','LEWI'/

WRITE (IPRIN,990)3
990 FORMAT (1Hi,49X,22HINPUT CARD DESCRIPTION)

FIS =SIS(1:LSIS)//'.INP'
OPEN (UN IT=ICARD ,FILE=FIS ,STATUS= 'OLD')I

* DATA CARD SET 1 - TITLE

READ (ICARD,1000) TITLE
WRITE (IPRIN 1010) TITLEI

1010 FORMAT (///25H1 DATA CARD SET 1 - TITLE/SX,20A4)

* DALTA CARD SET 2 - PROGRAM OPTIONS3

READ (ICARD,1025) OPTN,VLACPR,RAOPR,RLDMPR,LRAOPR,ADRPR,ORGOPTN
WRITE (IPRIN 1030) OPTN,VLACPR,RAOPR,RLDMPR,LRAOPR,ADRFR,ORGOPTN

1025 FORMAT (16S55
1030 FORMAT '(///35H DATA CARD SET 2 - PROGRAM OPTIONS//4X,SHOPTION,I

2 X6HVLACPRBX SHRADPR.4X,6H8.LDMPR,4X,6HLRAOPR,SX,SHADRPR,SX,
2 9H6RcOPTN/7ilo5

* DATA CARD SET 3 - PHYSICAL UNITSI

READ (ICARD, 1040) PUNITS,RHO,GRAV,GNU
WRITE (IPRIN,1050) PUNITS,RHO,GRAV,GNU

1040 FORMAT (2A4, 2X,2F10.4 P10.8)
1050 FORMAT (/1/34H1 DATA CARD SET 3 - PHYSICAL UNITS//5X,SHUNITS,6X,

* DATA CARD SET 4 - HULL PARTICULARSI

READ (ICARD i06o) LPP,BEAM,DRAFT,DSPLMT,VKDES,VKINC,AMODL
WRITE (IPRIN 4070) [PP ,BRAN.DRAFT,DSPLMT,VKDES ,VKINC, AMODL

1060 FORMAT (3F10.4,F1O .2,3F10.45
1070 FORMAT (///36H1 DATA CARD SET 4 - BULL PARTICULARS//61,3HLPP,U

12 7X,4IIEEAM,5I,SHDRAFT,4X,6HDSPLMT,5I,5HVKDES,5X,SHVKINC,5X,
2 SHAMODL/3F10.4,F1O.2,3F10.4)

* speed definition

IF (PUNITS(i) .NE. METER) VKNETR VKMETR/FTMETRI
METRVK = 1./YKMETR
CON =VKMETR/SQRT(GRAV*LPP)
.IF (VEINO .EQ. 0.) VKINC = 6.
IV = 0

S IV = IV=+ (IV.1*KN
VK(IV) =(VI*KN
VFS(IV) =VKMETR*VK(IV)
FRNUM(IV) = CON*VK(IV)

IF (VK(IV) .LT. 1/ROES .AND. IV .LT. 8) GO TO8

FiDES = CON'vKDES
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* DATA CARD SET 5 -LOAD PARTICULARS

READ (ICARD,1080) GMNOM,DELGM,KG,KPITCH,KROLL,KYAW
WRITE (IPRIN,1090) GMNOM,DELGM,KG,KPITCHPKROLL,KYAW*1080 FORMAT ý8F10.4)

1090 FORMAT I//36H DATA CARD SET S - LOAD PARTICULARS//SX,SHGMNOM,
2 SXSHDELGM,6X,2HKG,6XP6HKPITCHSX,SHKRCLL,6X,4HKYAW/52 7F10.4)

* DATA CARD SET 6 - HULL LINES - LEWIS FORM OR OFFSETS

READ (ICARD,1020) NSTATNNLOADS
WRITE (IPRIN11100) NSTATN,NLOADS

1020 FORMAT (315)
1100 FORMAT (///47H DATA CARD SET 6 - HULL LINES - LEWIS FORM OR

2 7HOFFSETS//19H NO. OF STATIONS =,13,4X,8HNLOADS =,13//
2 3X,7HSTATION,SX,SHNLEWF,6X,4HHEAM,SX,SHDRAFT,4X,6HSECARE,U2 SX,SHDBLWL/)

DO 70 K=1,NSTATN
READ (ICARD,11i0) STATN(K),NSOFST(K),NLEWF(K)

1110 FORMAT (F1O.4,215)
IF (NSOFST(K) .EQ. 0) NSDFST(K) = 1U NP = NSOFST(K)
iF (NLEWF(K) .EQ. 0) GO TO 20
TLEWIS = LEWIS
READ (ICARD,1120) STATN(KLHBLEWF(K),TLEWF(K) ,AREALF(K) ,DHLWL

1120 FORMAT (F1O.4 10F7.2)
IF (NP .CT. 15 GO TO 1o
HLFBTH: (=,K 0.
WTRLNE( IK) = 0.
GO TO 60

10 CALL GENOFS (BLEWF(K)I T,TEWF(K) ,AREALF(K) ,NP,HLFBTH(1,K),
2 WTRLNE(1,K) ,PI,DBLWL)320 TLEWTO = LINES

RED(ICARD,1120) STATN(K),(HLFBTH(JK),31,.NP)
RED(ICARD,1120) STATN(K),(WTRLNE(JK).J=1,NP)U BLEWF(K) = 2*HLFBTH(1,K)

IF (NP .GT. 1) GO TO 30
TLEWF(K) =0.

AREALF(K) =0.

GO TO 60U 30 DO 40 .Th1,NP
P(1,J) = HLFBTH(JK)
P(2,J) = WTRLNE(JE)

40 CONTINUEI NPI =NP - 1
CALL SPLNAR (PNP AREALF(K) ,PSEGS.NP1)
AREALFCK) =2*AREALF(K)
B-LPWF(K) 2*BMAX(NP.ELFETH(i.K))
TLEWFO() WTRLNE(1,K)I DO 80 3=1,NP
IF (WTRLNE(3,K) .LT. TLEWF(K)) TLEWF(K) =WTRLNE(3,K)

50 CONTINUE
TLEWF(K) ABS(TLEWF(K) -- WTRLNE(NP,K))
AREALF(K) AREALF(K)/(BLEWF(K)*TLEWF(K))

60 IF (NLEWF(K) .EQ. 0) WRITE (IPRIN,1130) STATN(K),TLEWIS,
2 BLEWF(K) ,TLEWF(K) ,AREALF(K)

IF (NLEWF(K) .GT. 0) WRITE (IPRIN.1130) STATN(K),TLEWIS.
2 BLEWF(K) ,TLEWF(K) ,AREALF(K) ,DBLWL

1130 FORMAT (FiO.4,5X,A4,1HS,4F10.4)I70 CONTINUE
WRITE (IPRIN,1150)

1180 FORMAT (//3X,THSTATION,3X,7HNOFFSET,SX,BHNLEWF,10X
2 4BHOFFSETS- Y=HALF BREADTH, Z=WATERLINE (FROM KEELS)
DO 80 Knl,NSTATNU EP =NSOFST(K)
TLEWIS =LINES
rc (NLEWF(V) rCT. n) TLEPWIS, = LEWIS
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1158 FORMAT (iX)
WRITE (IPRIN,1160) STATN(K) ,NPTLEWIS, (HLFBTH(3,K),J2I,NP)
WRITE (IPRIN, 1165) STATN(K ),NP, TLEWIS, (TRLNE(JK),J=1,NP)

1160 FORMAT (F10.4,I1O,EX,A4,1HS,4X,28HY- 10b7. f)
1168 FORMAT (F10.4,I1O,EiX,A4, 1HS,4X,2~=llZ,1F7.2)
80 CONTINUEI

IF (NLOADS .EQ. 0) GO TO 85

* read weight curve5

READ (ICARD, 1080) (SWGRT(K) ,K=1 .NSTATN)
WRITE (IPRIN .1333)

1333 FORMAT (//7x,12HWEIGHT CURVE//SX,7HSTATION,4X,G6iWEIGHT/)
SUMLD = 0.0
SUMOM =0.0I
DO 157 K=1,NSTATN
WRITE (IPRLIN, toso) STATN(K) ,SWOHT(K)
SUMLD =SUMLO t SWGHT(K)
SUMOM =SUNOM + SWGHT(K) *STATN(K)
X57 CGONT(NUE O UL)*(S 00

157 C COTI UE O UL) (P 00
XLDCGN XLOCG /LPP
WRITE (IPRIN,1334) SUMLD,XLDCG,PtJNITS,XL.OCGN

1334 FORMAT (loHo TOTAL = ,F10.4,//,10X,25H C. OF GRAVITY (LCG)

2 F6.2,2A4,41,12RLCG/LENGTH ,7X.F7.3)

* read locations (stations) where loads are to be calculated

READ (ICARD,1080) (XL.DSTN(K),Kz1,NLOADS)I

1336 FORMAT (//4X.14HLOAD STATIONS-I)
WRITE (IPRtIN.¶oao) (XLDSTN(K) .K=1,NLOADS)

85 CONTINUE3

* DATA CARD SET 7 - BILGEKEEL PARTICULARS

READ (ICARD,1020) NBKSET3
WRITE (IPKIN,117o) NBKSET

1170 FORMAT (///14H DATA CARD SET 7 - BILGEKEEL PARTICULARS//41.
2 6HNBKSET/I10)

BKLNTH =0.
BKWDTH = 0.I
IF (NERSET EQ. 0) GO TO 105
1D0 100 K=1,NBKSET
READ (ICARD,1180) IBKSTN(K) ,BKFS(K) ,BKAS(K) ,BKWD(K)
WRITE (IPRIN, 1190) K NBKSTN(K),BKF'S(K),BKAS(K),BKWD(K)

1180 FORMAT I15,SX,3F10 .4S
119o FORMAT (/5 SXHEKSET,41,6BNBKSTN,6X.4HBKFS,6Z,4H8EAS,6X.4HBKWD/

2 21i0,3F10.4I/5ýX,5EHKSTN,6X,4HBKHB,6l,4EBKWL,6X,4flBKAN/)

NBKS =NBKSTN CX)
DO 90 fll,NBKSI
READ (ICAROE,1080) BKSTNH (K) ,BKHBI (IK) BKWfL(K) BKAJ(IK)
WRITE (IPRIN,1080) BKSTN (1.1 ,BKHB (IK ).IKWL(I.K), BRAN C LX

90 CONTINUE
BKLMTH = BKLNTH + (BKAS(K) - BKFS(K))*LPP/20I
BKWDIB = BKWDTH + BKWD(K)

100 CONTINUE
BKWDTH = HKWDTH/NBKSET
WRITE (IPRIN,1200) BKLNTH,BKWDTH

1200 FORMAT (/i0X.24HTOTAL BILGEKEEL LENGTH =,F1O.4,4X,

105 CONTINUE

* DATA CARD SET 8 - SKEG PARTICULARS3

READ) (ICARD.1920? NSKSET
WRITE (IFKIN,1Z1U) skSiT I
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1210 FORMAT ( ///36H1 DATA CARD SET 8 - SKEG PARTICUL.ARS//4X,6HiNSKSET/
2 110)

IF (NSKSET .EQ. 0) GO TO 116
WRITE (IPRIN,1211)

1211 FORMAT (//SX,&HSKSET.SX,5HSKFLS.5X,SHSKALS,5X,

2 HSKAUS,6X,4HSKRH,4X,6HSKFLWL,4K,6HSKALWI.,4X,6HSKAUWL)

READ (ICARD 1080) SKFLS(K) ,SXALS(K) SKAUS(X),

2 SKHB(K),SKFLWLQ() SKALWL(N),SHAUWL(KS
WRITE (IPRIN,1185S K,SKFLS(K) SKALS(K),SKAUS(K),

2 SKHB(K) SKFLWL(K) ,SKALWL(K) ,SKAUWL(K)
1185 FORMAT ýI11O7FI0.4)

SKIMAG(K) 1I ~IF (SKHB(K) .NE. 0.) SKIMAG(K) = 2
110 CONTINUE
115 CONTINUE

* DATA CARD SET 9 - RUDDER PARTICULARS

READ (ICARD,1020) NRDSET
WRITE (IPRIN.1220) NRDSETI 1220 FORMAT ( ///38H1 DATA CARD SET 9 - RUDDER PARTICULARS//4X,

2 6HNROSET/I'10)
IF (NRDSET .EQ. 0) GO TO 125
WRITE (IPRIN,1221)

1221 FORMAT (//SX,5HRDSET,2X,8HLOCATION,4X,6HFWDSTN,
24X,6HAFTSTN,SX,SHHLFBM,5X,ShrWDWL,SXEHAFTWL)
DO 120 K=1,NRDSET
WRITE (IPRIN,1177)
READ (ICARD,1080) RDRFS(K),RDRAS(K),RDRHB(K),

2 RDRFWL(K).RDRAWL(K)U WRITE (IPRIN.1195) K.F00T;RDRFS(K) ,RDRAS(K).,
2 RDRHB(K) .RDRFWL(K) ,RDRAWL(K)

1196 FORMAT (110,4X A4 2X 7F10.4)
READ (ICARD,169OS RDTFS(K).RDTAS(X).RDTHB(K),

2 RDTFW () ,RDTAWL(K)
WRITE (IPRIN, 1195) K,TIP RDTFS(K),RDTAS(K),

120 RDTHB(K) RDTFWL(K),RDTAWL(K) 2

* DATA CARD SET 10 - PROPELLER SHAFT BRACKETS

READ ýICARD,1020 NSBSET

15102 FORM4AT (///45H DATA CARD SET 10 - PROPELLER SHAFT BRACKETS//

WRITE (IPRIN,*1510. SBE

1520 FORMAT (//SX,SHSBSET.2X 8HLOCATION,4X,6HFWDSTN,4X,6HAFTSTN,5X,
2 SHHLFBM ,&I,SHFWDWL *SX, SHAFTWL'i

DO 128 K=I,NSBSETI SBIMAG(K) = 2
REA (ICARD, 1080) SOBRFS(K) ,SOBRAS(K) ,SOBRHB(K) ,SOBRFW(K),2 SOBRAW (K)
WRITE (IPRIN 1196) K,ROOTOESOBRFS(K),SOBRAS(K),SOBRHB(K),

2 SOBRFW K),SOBRAW(K)
READ ICARD 1080l SBTFS(K),SBTAS(K),SBTHB(K),SBTFWL(K) ,SBTAWL(K)
WRITE IIPRIN, 1196 K,TIP,SBTFS(K) .SBTAS(K) ,SJ3TB(K) ,SBTFWL(K),

2 SBTAWL(K)
IF (SBTHB(K .EQ. 0. .AND. SORRHB(K) .EQ. 0.) SBIMAG(K)=I3 IF SBgTHB( O* E .0.OR. SBTHB(K) .EQ. SOBRHB(K) GO TO 128
READ,,ýCR,00 SIBRFS(K),SIBRAS(K).SIBRHB(K).SIBRFW(K),

WRITE (PN,195) K,ROOTIB,SIBRFS(K),SIBRAS(K),SIBRHB(K),32 SIBRF (K) ,lS~IRlAW(K)
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126 CONTINUE3
1 29 CONTINUE

* DATA CARD SET 11 - FIN PARTICULARS

READ ICARD 1020) NFNSETIACTFNIFCLCS
WRITE (IPRIN .1230) NFNSET,IACTFN,IFCLCS

1230 FORMAT ( ///36A DATA CARD SET 11 - FIN PARTICULARS//
2 4X,6HNPNSET,4X,6HIACTPN,4X,6HIFCLCS/3I1O)
IF (NFNSET .EQ. 0) GO TO 135I
IF (IACTFN .EQ. 0) GO -1O 132
READ (ICARD 1080)(ýFGAIN(IV),IVrl,NVK)
WRITE (IPRIN ,2010 )VK(IV) IVM1,NVK)

2010 FORNAT ( /22H SHIP SPEED ýKNOTS) z BF1O.3)
WRITE (IPRIN,2020) (FGAIN(IV),IV=l,NVK)I

202-0 FORMAT ( 22H FIN GAIN FACTORS =,8FIO.3)
READ (ICARD IOM0 FK
WRITE (IPRIN,2030) FK

2030 FORMAT (//22H CONTROLLER COEFF. m,3F10.3)
READ (ICARD.1080) FAI
WRITE (IPRIN,2040) FA

2ý040 FORMAT ( /22H SERVO COEFFICIENTS =,3FI0.3)
READ (ICARD.1080) F13
WRITE (IPRIN,2050) FB

2060 FORMAT ( /22H COMPENSATION COEFF.=,3FiO.3)I
132 IF (IFCLCS .EQ. 0) GO TO 136

WRITE (IPRIN,2060)
2060 FORMAT (//39X,30HCORRECTED FIN LIFT CURVE SLOPE)

WRITE (IPRIN,2010) (VK(IV),IV=1,NVK)
WRITE (IPRIN,117'T)U
DO 134 K=1,NFNSET
READ, (ICARD,1080) (FCLCS(IVi1O,IVz1.NVK)
WRITE IPRIN,2070)i(.(FCLCS(IVK),IV= INVK)

2070 FORMAT (7H FNSET,12,13H - FCLCS =,8FlO.3)
136 CONTINUE

121FORMAT (//6X,6HFNSET,2X,8HLOCATION,4X 6HFWDSTN,4X,
2 6NAFTSTNSX,5HHLFBM,SX,5HFWDWL,SX,SHAFTWL)I

DO 130 K=I,NFNSET
WRITE (IPRIN,1177)
READ (ICARD,1080) FXRFS(K),FNRAS(X),FNRHB(K),

2 FNRFWL(K).FNRAWL(K)
WRITE (IPRIA.1195) K,ROOT,FNRFS(K),FNRAS(K),FNRHB(K),I

2 FNRFWL(K),*FNRAWL(K)
READ (ICARD,1080) FNTFS(K) .PNTAS(K) .FNTHB(K),

2 FNTFWL (K),FNTAWL(K)
WRITE (IPRIN.1196) K,TIPFNTFS(K),FNTAS(K),FNTHB(K),

2 FNTFWL(K) .FNTAWL(K)I

iF (FhkhB(K) .ME. 0.) FNIHAG('K) - 2
130 CONTINUE
135 CONTINUE

* DATA CARD SET 12 - MOTIONS AT A POINT

READ (ICARD,i020) NPTLOC.HFE
WRITE (IPRIN,2240) MPTLOC,HFE

1240 FORMAT ( ///39H DATA CARD SET 12 - NOTIONS AT A POINT//4X,
2 6HNPTLOC,19X,3HHFE/I110,20X,I2/)

IF (NPTLOC .EQ. 0) GO TO 145
WRITE (IPRIN141

1241 FORMAT (/I4X,6HNUMBER,8X,4HNAME.39X.6HXPTLOC,4X,611YPTLOC,47X,
2 6HZPTLOC)
DO 140 Kzl,NPTLOC
WRITE (IPRIN.1177)
READ (ICARD,1250) PTNUNB(K),(PTNAME(I,K),Il1,8),XPTLOC(K),I

2 YPTLOC(K).ZPTLOC(K) - -

WRITEC(IPRIN,1260) PTNUNB(K),(PTNAMiE(±,,I'd,1),,ArLOuCi),
2 YPTLOC K),ZPTLOC(K)
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3 ~1250 FORMAT (IS.SX,8A4.eX ,SF1O.4)
1260 FORMAT (1I1O,4X,6A4. 11X,3F10.4)
140 CONTINUE
146 CONTINUE

* DATA CARD SET 13 - RELATIVE MOTION

READ (ICARD 1 020) NEREBDNBE
WRITE (IPRIN,1270) NFREBD,N813I1270 FORMAT ( //'1/3611 DATA CARD SET 13 - RELATIVE MOTION/f

2 4X,6HNFREED,4X,3HNBB/110,17)
IF (NEREED EQ. 0) GO TO 155
WRITE (IPRIN.1271)

1271 FORMAT ( //4X,6RMUMHER,8XI4HNAME,20X,6HFBCOOE.13XI6HXPTFRD,4X,
2 SRYPTFBD),4X,OHlZPTFBD, 1OX,4IIRDOT)

122READ (ICARD,1272) FENUMB(K),(FBNAME(1,K),I=a,1fl,FBCODE(K),

IF (FBCODE(K) .LE. 0) FECODE(K) =1
J=FBCODE(K)

DO 148 1r1,3
IF (3 -EQ, i) FDTYPE(1,K) -SLAM( I)
IF (3 .EQ. 2) FETYPEý (IK) w EMEG(I)
IF (3 EQ, 3) FBTYPE(I, K) =SUDM(I)I148 CONTINUE
WRITE (IPRIN,1273) FBNUMB(R) (FBNAMEQI,K)JImi 0) E'BCODE(K),

2 (F8TYPE(IYK),Ir1l,3),XPTFBD(KS,YPTF8OvK~hZPTFB6(KS.ROOT(K)
1273 FORMAT (110.01, 6A4,I5,2HT =,3A4,4X,SFIO.4,4X,FiO.4)

ISO CONTINUE
106 CONTINUE

'DATA CARD SET 14 - SEASTATE AND ROLL ITERATION

READ (ICARD.1280) NSIGWHSTATIS, STATNM(I),I=1,3)
WRýTE (IPRIN,1290) NSIGWHSTATIS, (STATNM(I),I=l.,3)
IF (NSIGWH .EQ. 0) GO TO 166

1280 FORMAT (Ib,6x,F1O.4.6A4)
1290 FORMAT ( ///48H DATA CARD SET 14 - SEASTATE AND ROLL ITERATION//

24X.ERNSIGWH,4X1.4HSTATISTIC (SA) ,4X.14ESTAT1STIC NAME!
2 I10,4X.F1O.4.iOX,3A4//SX,&ESIGWH/)

DO 100 Xtl,NSIGWH
READ, (ICARD 1080) SIGWH (K)
WRITE (IPfl1N.1080) SIGWH (K)

160 CONTINUE
166 CONTINUE

* DATA CARD SET 16 -STOP

READ (ICARD,1000) STOP
WRITE (IPRIN,131O) STOP

110 FORMAT (///26H1 DATA CARD SET 16 - STOP//4X,4HSTOP/4X.A4)

* inactive data card sot used for inputing particular responses

URESP =0
IF CURES!' EQ. 0) GO TO 200
WRITE (IPRlN,1306)

13062 FORMAT (///40H1 DATA CARD SET 16 - RESPONSE DEFINITION//41,
2 4HNESP PONT MOTN TYPE LIN SYM/)

READ (ICARO,1316) IP,IM,IT
1315 FORMAT (316)

IPOIKTl(R) I!'
IHOTN 1MIR I3 ITYPE (IR) IT
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I

ILIN(IR) = .TRUE. UISYM(IR) = .TRUE.

IF (IF GT. 0) GO TO 180
IF (IM.EQ.2 OR. IMEQ.4 OR. IM.EQ.6 OR. IM.EQ.7)

2 ILIN(IR) = .FALSE.
GO TO 185 I

180 IF ((IM.EQ.1 .OR. IM.EQ.3) .AND. YPTLOC(IP).NE.0.)
2 JLIN (IR) = FALSE.

IF (IM EQ. 2) ILIN(IR) = .FALSE.
IF ((IMNEQ.1 -OR. IM.EQ.3) .AND. YPTLOC(IP).NE.O.)

2 YSYM(IR) = .FALSE. I
IF (IM.EQ.8 .AND. YPTFBD(IP).NE.O.)

2 ILIN (IR) = .FALSE.
IF ((IM.EQ.8 .OR. IM.EQ.9) .AND. YPT1SD(IP).NE.O.)

2 ISYM(IR) = .FALSE.
185 WRITE (IPRIN,1320) IR,IPOIN'I'(IR),IMOTN(IR),ITYPE(IR).ILIN(IR),

- ISYM(IR)
1320 FORMAT (418,2L8)

190 CONTINUE
200 CONTINUE

CLOSE ýUNIT=ICARDý
WRITE IPRIN.1330

1330 FORMAT (///20H END DATA CARD SETS)

S�note on REYNOLDS no. scaling for frictional roll damping
" REYN = V*LPP/VNY . Since viscosity, VNY, is assumed constant,
* REYN scales as LFP*,2/T. The period scales as SQRT(LPP). Thus
* REYN scales as LPPo*.5

REYSCL = 1.

IF (AMODL .GT. 0.) REYSCL = (AMODL/LPP)**I.5

* hull form transformations to internal coordinate system

* find distance from baseline to waterline, dblwl

DBLWL = 0.
DO 205 1=1,STATN
NP = NSOFST(I)
WL = WTRLNE(NPI)
IF (WL GT. DBLWL) DBLWL = WL

205 CONTINUE
X NSTATN + 1
DO 220 I=I,NSTATN
EK - 1 I

X) = LPP - STATNH()*LPP/20
NOFSET(K) = NSOFST (I)
NP = NOFSET(K)
DO 210 J=I,NP
YýJ,K" - HLFBTH 3,
23,K) = WTRLNE(J3,! - DBLWL
IF INP .GT. a) GO TO 210
Z(J,K) = 0.

210 CONTINUE220 CONJINUE

* MOTIONS-AT-A-POINT transformation

IF (NPTLOC .EQ. o) GO TO 240
NPTS = NPTLOC
DO 230 IP=I,NPTS
XPT (I) = LPP - XPTLOC(IP)*LPP/20
YPT(IP) YPTLOC(IF)
ZPT(IP) z ZPTLOC(IP) - DBLWL

230 CONTINUE240 CONTINUE

relative motion location transformation

IF (NFREED .EQ. O) GO TO 260
DO 250 !P=i,NFREBD
FBDI(IP) = LPP - XPTFBD(IP)'LPP/20
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FBOY(IP') =YPTFT3O(IP)

2r FBDZ(IP = ZPTFBD(IP) - BLUL
250 CONTINUE
2-60 CONTINUE

* ENVIOR default Value;

* sigma defaults

NSIGMA =10
SIGMA(1) --.05
SIGNA(2) = .10
SIGMA(S) = .:2b
SIGMA(4) = .60
SIGMA(S) = .75
SIGMA(6) 1.00
SIGMA(7) = 1.60
SIGMA(8) =2.00
SIGNA(9) = B.00
SIGMA(10) = 10.00

* heading definition

Do 4210 IV=I,NVK
NNMU(IV) = 13

DO 410 lHrl.NH

*410 CONTINUE

RGYRAD = XROLL*BEAMIOPR 0
IF (GMNOM .GT. 0.)

2HOLE'ER = TPminRT(GRAV)) .SR(.5RYA*2(MO EC)
ICASE = 0
IF (ROLPER LEi. 15.) ICASE =
IF (ROLPER .LE. 9.) ICASE = 2
IF (ROLPER LhE. S.) ICASE=3
NOMEGA = 30
DO 430 IY=1,NOMEGA
OMEGACIW) = FREQI(IW)

IF 'ýICASE .EQ. 2 OMEGA 1Wý w FREQ2 3W
IF (bCASE EQ ýOMEGACIW)= FREQ4(IW)

IF (ICfS i EQ 3 OMEGA(IW) = FREQ2(IW)

40CONTINUE
IF (NSIGWU GT. 0) GO TO 450

seasatedefultvalues
6S4(2M) S63M, S56(SM), ANDSS(.M

IF (ICASE .GT. 0) GO TO 433
SIGHE 1) = 2.0
SloWH s = .3SIGWH 3 .
SlOWS (4) .
GO TO 437

* SS3(i.bM), SS4(2N), SSS(3M), AND sso(6M)

433 IF (ICASE .GT. i) GO TO 435

SI GWH(2 2.0
SIGWHý3 = 3.
SlWS (4) = 5.0
GO TO 437

* 52(1K), SS3(1.SM), SS4(2M). AND SSb(SM)
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435 SIGWH(1) = 1.0

SIGWH(2) = 15
SIGWHý3ý = 2.0
SIGWH 4)= 3.0

437 CONTINUE I
IF (PUNITS(1) EQ. METER) GO TO 450
DO 440 I=I,NSIGWH

440 SIGWH(I) = SIGWH(I)/FTMETR
45C CONTINUE

statistic default value

IF (STATIS .GT. 0.) GO TO 470
STATIS = 2.00
DO 460 I=,3
STATNH(I) = STNM1(I)

460 CONTINUE
470 CONTINUE

modal wave period definition

NTMOD = 8
PERINT = 7.0
IF ýICASE .EQ. 1) PERINT = 5,0
IF ICASE .EQ. 2) PERINT = 3.0
IF ICASE .EQ. 3) PERINT = 3.0
DO 600 IT=INTMOD
TMODAL(IT) = PERINT + (IT-i) * 2.

define 2-parameter (significant wave height, modal wave period)
Bretschneider sea spectra, for unit significant wave height

CALL BRWVSP (NOMEGA,1.,TMODAL(IT),OMEGA,S(i,IT)) 3
500 CONTINUE

mean roll angle definition

NRANG = 8 I
" RL A N G < I = . 0

RLANG (3) !.00RLANO(3) 2.50
RLANG(4) = 5.00
RLANG 5 = 10.00
RLANG(6 15.00
RLANG(7) = 26.00
RLANG(8) = 40.00
DO 35 IA=I,NRANG
RANG(IA) = RLANG(IA)*DEGRAD36 CONTINUE

* response definitions (max of 182)
6 8*3 = 18 origin•1*3 =3 fins

* 10*3*3 = 90 point

I = I added resistance
* 10*(2+3) = 50 rel+abs
* 10*2 = 20 loads

IF (NRESP .GT. 0) GO TO 580

IF (OPTN.NE.3 .AND. OPTN.NE.5) GO TO 510 I
roll

L=1
IPOINT(i) = 0
IMOTNý1) = 4
ITYPE1) = I

ISY(1)= TRUE.
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IF (.NOT.(VLACPR.GT.O.OR.STATNM(1).EQ.EQVLIN)) GO TO 502

i roll velocity

SL=L+1
IPOINT(2) = 0
IMOTN(2) 4
ITYPE(2) 2
ILIN(2) = .FALSE.
ISYM (2 = .TRUE.

502 IF (IACTFN .EQ. 0) GO TO S08

* fin & fin velocity

M1 = I
IF (VLACPR .GT. O) MI = 2
DO 505 IT=1,Ml
L=L+ 1
IPOINT(L) 0
IMOTN(L) = 9
ITYPE(L) = IT
ILIN(L) = .FALSE.
ISYM(L) = .TRUE.

505 CONTINUE
608 NRESP=L

GO TO 680

610 CONTINUE

6 DOF responses at the origin

L=O
DO 520 3=1,3
DO 620 1=1,6
LL+ I
IPOINT(L) = 0
IMOTN(L) = I
ITYPE(L)
ILIN(L) = .TRUE.
IF (I.EQ.2 .OR. I.EQ.4 .OR. I.EQ.6) ILIN(L) = .FALSE.
ISYM(L) = .TRUE.

520 CONTINUE

IF (IACTFN .EQ. 0) GO TO 6253 * fin, fin velocity, and fin acceleration

DO 522 IT=l,3
L = L + 1
IPOINT(L) 0
INOTN(L) = 9
ITYPE(L) = IT
ILIN(L) = .FALSE.
ISYM(L) = .TRUE.

522 CONTINUE

526 CONTINUE

IF (NPTLOC .EQ. 0) GO TO 636

IF (HFE.EQ.O) GO TO 528

horizontal force estimator

DO 627 K= 1,NPTLOCL=L+l
IPOINT(L) = K
TxnTN(T.) = 1
ITYPE(L) =I
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ILIN(L) = .FALSE,
ISYM L) = .TRUE.

627 CONTINUE

RESPONSES AT SELECTED POINTS

528 DO 530 K=1,NPTLOC
DO 530 J=1,3
DO 630 1=1,3
L=L+ 1
IPOINT(L) = K
IMOTN(L) = I
ITYPE(L) J
ILIP(L) .TRUE.
IF (I.EQ. IOR. I.EQ.3) .AND. YPTLOC(K).NE.O.) ILIN(L) = .FALSE.
IF ý EQ. 2) ILIN(L) = .FALSE.
ISYM (L) = .TRUE.
IF ((I.EQ.1 .OR. I.EQ.3) .AND. YPTLOC(K).NE.O.) ISYM(L) = .FALSE.

530 CONTINUE

835 CONTINUE

IF (ADRPR .EQ. o) GO TO 637

added resistance 3
L= L+ I
IPOINT(L) = 0
IMOTN(L) = 7
ITYPE(L) 1
ILINfLf = .FALSE.
ISYM L .FALSE.

537 CONTINUE

IF (NFREBD .EQ. 0) GO TO 570

relative motions and velocities at points

DO 560 K=I,NFREBD
DO 540 J=1,2
L=L I
IPOINT(L) K
IMOTN(L) 8
ITYPE(L) = 3
ILIN(L) = .TRUE.
IF (YPTFBD(K) .NE. 0.) ILIN(L) = .FALSE.
ISYM(L) = .TRUE.
IF (YPTFBD(K) .NE. 0.) ISYM(L) = .FALSE.

540 CONTINUE
560 CONTINUE

570 CONTINUE [

IF (NLOADS .EQ. 0) GO TO 700 I
loads at specified stations

DO 620 K=I,NLOADS
• I=10 (H.SHEAR (NOT CALCULATED)
* I=1 V.SHEAR)
S I=1 2 jT.MOM.) (NOT CALCULATED)

* I=13 (V.mMO.)
• I=14 (H.MOM.) (NOT CALCULATED) U

DO 610 1=10,14
IF (,NOT. (I.EQ.11.0R.I.EQ.13)) GO TO 610
L = L + I
IPOINT(L) = KIMOTNýLý I
ITYPE L I U
ILIN(L) = TRUE.
ISYM(L) = .JRUE.
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U1 ONIU
610 CONTINUE

700 CONTINUE

U NRESP = L

580 CONTINUE

* state definitions

VRT =.TRUE.
LAT = .TRUE.
LOADS = .FALSE.
IF (NLOADS .GT. 0) LOADS = TRUE.

ADDRES = .TRTJE.
*CDC IF (ISKIP .EQ. 1) ADDRES = .FALSE.

IF (ADRFR .EQ. 0) ADDEES = .FALSE.U EBKEEL = .FALSE.
IF (NBKSET .GT. 0) EKEEL = .TRUE.
EXROLL = .FALSE,
KYAWRL = 0.I NEXPRDIF (NEXPRO .GT. 0) EXROLL z.TRUE.

* modified to run on VAX/VMS
IF (OPTN .EQ. 6 .AND. RAOPR .EQ. 2 .OR. LRAOPR .EQ. 2) GO VTO 590
ope random access files
LPFIDX = 235

LRMIDX = 183
CC CALL OPENKS (RMSFILRMIDX,LRMIDX,0)ILSVIDX =3
CC CALL OPENKS (SEVFIL,SVIDX,LSVIDX,0)

590 CONTINUE

WRITE (IPRIN :(8F8.3)') OMEGA
WRITE (IPRIN,'(SFS.3)') THODAL

RETURN
* END

C DECK REGWAV
SUBROUTINE REGWAV

COMMON /DATINP/ OPTN ,MOTN ,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPR,ADRPR,ORGOPTN,GMNODM,KG,STATN(25) ,NSOFST(25).
2 NLEWF(25) ELFBTH(IO.25).WT-RLNE(10 125),ELEWF(2SYTLEWF(25).
2 AREALF(256 ,NPTLOC 1PTNUMB(10) IPTNAME,XPTLOC(10) ,YPTLOC(10),
2 ZPTLOC(10) .NBB,FBNUMB(10),FBNAMEXPTFBD(10),YPTFBD(10),
2 ZPTFBD (10),FBCODEC1O) ,FBTYPE,RDOT(10) ,VKDES,FNDES,I 2TTMSAI

INRATEER* OPTN ,MOTN,BSCF,LCPRRAOPR8,1)SADRRLMPR,FBCODE(,i
2IFNUMBE ,PTNUMBOROTNBCI.LCRRDRARRRDPEOEI BUBPNMROT

REAL KG

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFILRAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL ,LACFIL ,LAEFIL
INTEGER SYSFIL,POTFIL,COFFILLCOFIL,ICARD,TEXFIL,IPRIN,

2 SCRFIL,EPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL ,LACFIL ,LAEFIL

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS.SMPIS,
2 SMPOS,SMPDS,SHPTYPS ,SHIPS ,VARS, CYCLS ,TITLES ,OPTION,LSIS ,LSOS,

I2 LS ,LPRNTLE
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CHARACTER*8O FIS ,SISSO05,SDS ,TITLES
CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDs,SHPTyPS
CHARACTER SHIPS*6 ,VARS*2 ,CYCLS*2
INTEGER*2 OPTION

IF (OPTN .EQ. 6 ) GO TO 10

IF (OPTN.NE.2 .AND. OPTN.NE.3 .AND. ORGOPTN.EEQ.2) GO TO 10

AS = '(/4X,;CALLIHG HYDCAL")
WRITE (*,A)I

CALL HYDOAL

AS = '(4X,'CALLING RDBASE")'I
WRITE (*,AS)
WRITE (TEXFIL,AS)

CALL RDBASE

AS = '(4X,"CALLING EQMOTN')'
WRITE (*,AS)
WRITE (TEXFIL,AS)

CALL EQMOTNI

10 CONTINUE

RETURNI

C DECK RELNOT
SUBROUTINE RELMOT (IMNL,NU.HOTVMOTL,XPT,YPT,RAO1,PHS1,RAO2,

2 PHS2,NMOT.NPLANE.NOMEGAOMEGA.COSMU,SINMU,GRAV,RADDEG,IPHS.)I

* This routine computes relative and absolute motion
* ~WAVE = EXP(-I(K*(XP*COSMU + YP*SINMU)) + K*zp +- I(WE*T)
* VERT = HEAVE -XP*PITCH + YP*ROLL

W.G.NEYERS, DTNSRDC, 0216791

COMPLEX MOTV(NMOT,NDMEGA) ,NOTL(NMOT,NOHEGA) ,CVER,CWAVE,HEAVE,
2 PITCH,ROLL,TFN
DIMENSION OMEGA(NOMEGA) .RAOi (NOMEGA) ,PHS1 (NOMECA) .RAO2(NOMEGA),I

DO 30 I=NL,NU
HEAVE = MOTV(2,I)I
PITCH = OTV(3,I)
ROLL = MOTL(2.I)
DO 20 3=1,NPLANE
IF (3 .EQ. 2) ROLL =-ROLL
TFN =HEAVE - XPT*PITCH + YPT*ROLLU

(3 1J* Q.i WAVNUM =OMEGA(I)*OMEGA(I)/GRAV
IFJEQ.2 SINMU =-SItfMU

kEG - WAVNUMe(XPT*COSMU + YPT*SINHU)
AR =COS ARG IAT SIN ARO
CUAVE = CMPLX(ARPAI)
TFN =CVER - CUAVE
IF 3 .EQ. 2 SINMU =-SINNU

IF I .EQ: 1 CALL RAOPHA ýTFNRAO1If *PHS1ffI¾RADDEG,IPHS IIF I .EQ. 2 CALL RAOPHA TFNRAO2 I ,PHS2 I) ,RADDEG IPHS
20 CONTINUE
30 CONTINUE

RETURNI

C DECK REVAL
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FUNCTION REVAL (RSPILNE,WEIG NT)

DIMENSION RSPLNE(4) ,WEIGET(4)

REVAL = 0
DO 10 I=1,4
REVAL = REVAL + WEIGHT(I)*RSPLNE(I)

10 CONTINUE

RETURN
END

C DECK RLITER
SUBROUTINE RLITER (SPINDX,TOINDX,NSPIND,NTOIND,DATA.IC,RLCALC.

2 ROLL)

* roll iteration

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPRADRPR,ORGOPTN,GMNOM,KG,STATN(25) ,NSOFST(25),
2 NLEIWF(28) HLFBTH(10,2S),WTRLNE(10,2S),ELEWF(25),TLEWF (25),
2 AREALF(255,NPTLOCPTNUMB(10) ,PTNAMEXPTLOC(10), YPTLOC (10),
2 ZPTLOC(10) ,NBBFENUMB(10),FBNAME,XPFBD(10),YPTFBD(10),
2 ZPTFBD (10) ,FHCODE(10),FBTYPE,RDOT(10),VKDES,FNDES,
2 STATNM,STATIS

CHARACTER*4 PTNAME(8,1O),FBNAME(S,10).STATNM(E) ,FBTYPE(3,10)
INTEGER OpTN,MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FHCODE,

2 FBNUMB ,PTNUMB ,ORGOPTN
REAL KG

COMMON /ENVIOR/ VK,NVK,MU,NMUOMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUMVFS

INTEGER NVKNMU,NOMEGA,NSIGMA,NSIGWHNTMOD,NRANG,NNMU(S)
REAL VK(8) ,M 137,8) ,OMEGA(30) ,SICMA(10) SIGWH(4) ,TMODAL(8),

2 RANG(8) ,RLANG 8),S(30.8).FRNUM(BLVFS(8

COMMON /INDEX/ PFIDX ,LPFIDX ,RMIDX ,LRMIDX,SVIDX ,LSVIDX
INTEGER LPFIDX LRMIDX,LSVIDX
REAL PFIDX(2355 ,RMIDX(183) ,SVIDX(3)

COMMON /10! SYSFIL ,POTFIL,COFFIL,LCOFIL,ICARD ,TEXFIL, IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFILSPDFIL,
2 SPTFIL ,LACFIL ,LAEFIL

INTEGER SYSFIL,POTP'IL.COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFILHPLFIL,LRAFIL,ORGFIL.RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

COMMON /RESPN/ NRESP,IPOINT(1B2XIMOTNC1B2) ,ITYPE(182),
2 ILIN(1B2),ISYM(182)

LOGICAL ILIN,ISYM

LOGICAL LINEAR SYMMET
DIMENSION DAT)2432),SPINDX.(9),TOINDX(9) ,RLCALC(8,24),

2 ROLL(13,64,4)

IR =I
DO S N=1.NRESP
IF (IMOTgNCNLEQ.4 .AND. ITYPE(N).EQ.1) IR N

5CONTINUE
KR =IR+I
LINEAR =ILIN (IR)
SYMMET = ISYM (IR)
NPREDH = 13I NDATA w(2 + 2*NRANG)*NPREDH
DO 300 IS=1,NSIGWH
K =0

CON = SIGWH(IS)*STATISI DO 200 ITO=1,NTMOD
DO 100 IV=1,NVK

CALL FETCH (KRIV,ITO,DATA,RMIDX,SPINOI,TOINDX,NDATA.LRMlUAS
2 NVK,NTMOD,RMSFIL)
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L 2*NPREDH
DO 10 IA=1,NRANG
DO 10 IH=bNPREDH
IF (IC.EQ. 1) TEMP =DATA L+1)
IF (IC EQ. 2) TEMP = DATAR(+2)
L L+2
RLCALC(IA,IH) = TEMP*CON

10 CONTINUE
DO 50 IH=1,NPREDH
CALL RLITR (RLANGNRANG,RLLCALC(1,IH),ROLL(IHK,IS))

100 CONTINUEI
500 CONTINUE
200 CONTINUE
300 CONTINUE

RETURN
END

C EKSUBROUTINE RLITR (RLANG,NRANG ,RLCALC,RLANS)

DIMENSION RLANG(8) ,RLCALC(8) ,DIFF(8) .ELM(4,8)

DO 10 IA.:1,NRANG

DIFF(IA) =RLANG(IA) - RLCALC(IA)

X0 = 0.
IF (X0 .GE. DIFF(1)) GO TO 20
RLANS =RLCALC(1)

GO TO 40

ELANS =RLCALC(NRANG)
GO TO 40

30 CALL SPFIT (DIFF,RLANG,ELM.NRANG)

40 CONTINUEI

RETURN
END

C DECK RMS
SUBROUTINE RNS (KREC,RAOI,RA02,IT,N,R,B2,NPREDE,NLdB,NIN2,DATA,

2 IRESP,NBETA)

COMMON /ENVIOR/ VK,NVKMU,NMU,OMEGA.NOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODALNTM OD,NRANG,RANG,RLANG,S,NNMU,FRNUM VFS
INTEGER NVK,NMU,NOMEGANSIGMA,NSIGWH NTMOD NFLNG iNMU(8)
REAL VK(8),MU 37 8),OMEGA(3O),SIGMA(iO) ,SIaWH(4),TMODAL(8),

2 RANG(8),RLANG 8),S(30,8),FRNUM(8),VFS(8)

DIMENSION DATA(432),KREC(13),RAO1(301 8,13),RAO2(30,8,11),R(30),
2 B2(36)

REAL LYS(24)

5 CONTINUE
L =2*NPREDH
DO 60 1A=I,I
DO 40 IH=1,NMU

12 = N2 - IN
IF (12 .LE. 0) 12 = 12 + NBETA
IF (KREC(IH) .GT. 0) GO TO 10
LMS(Il) = 0.

GO TO 40

20 R(I) :; RAO(IIA.IB)*S(I.IT)
CALL ALGRNG (NOMEGA OME-'GA,R,LNS(I1))
IF (KREC(IH) EQ. I LMS(12) = LMS(I1)
IF ~KREC IN .EQ. IGO TO 40
KH = IH - I
DO 30 I=1,NOMEGA

30 R(I) =RA02(I,IA,KH)*S(IIT)
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CALL ALGRNG (NOMEGA,OHEGA,R,LMS(12))
40 CONTINUE

DO 50 IPIHri NPREDH
CALL XMSSC tIPIIB2,LMS,NLGH,RMSLC,RMSSC)
IF (IRESP EQ. 7) GO TO 45
RMSLC =SQRT ( MSLC)
RMSSC = SQRT (RMSSC)

45 L = L + I
DATA(L) RMSLC
L=L + 1
DATA(L) RMSSC

60 CONTINUE
60 CONTINUE

RETURN
END

C DECK RMSOUT
SUBROUTINE UNSOUT

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPR.ADRPR,ORGOPTN,GMNOM,KG,STATN(25) ,NSOFST(25),
2 NLEWF(25) HLFBTH(1O,25),WTRLNE(1O,25),BLEWF(25),TLEW?7(25),
2 AREALF(255 ,NPTLOCPTNUMB(10) ,PTNANE.XPTLOC(1O) ,YPTLOC(10),
2 ZPTLOC (10), NBB ,FBNUMB(10) .FBNAMEXPTFBD(IO) ,YPTFBD(10),
2 ZPTFBD (10) ,FBCODE(1O),FBTYPE,RDOT(lo) ,VKDES,FNDES,
2 STATNM,STATIS

CHARACTER*4 PTNAME(B.10),FBNAME(8,1O),STATNM(5) ,FBTYPE(3.i0)
INTEGER OPTN,MOTN,ESCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,

2 FENUMS ,PTNUMB, ORGOPTN
REAL KG

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
I NSIGWE,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,vFs
INTEGER NVK.NMU.NQMEGA.NSICMA.NSIGWH,NTMOD.NEANONNMIH(8)
REAL VK(8) ,HU(37,8) ,OMEGA(30) ,SIGMA(1O) SIGWH(4) ,TMODAL(8),

2 RANG(8),RLANG (e),s(3O,8),FRNUM(a),vFs(s53 ~ ~COMMON /GEOM/ K ,NSTATN ,Y ,Z,NOFSETLPP ,BEAM ,DRAFT ,LCF,
1 VCG ,GN,DELGM,NEBLA ,KPITCH ,KROLL ,KYAW,KYAWRL,AWP ,WB ,FBDX ,FBDY,
2 FBDZ,NFREBD,IPT,YPTZPT.NPTS,LCB,GML,ASTAT,BSTAT,TITLEJMASS,
2 DISPLN ,IPITCN ,IROLL,IYAWIYAWRLCREAVE,CPITCE,CEEAPI ,CROLL,
2 AREANI .WSURF,GIRTH ,FBDZV DBLWLTLCB

INTEGER NSTATNNOFSET(265 ,NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(10,26),z(1O,265),FBDzv(s,io),LPP,BEAN,DELWLjTLCB,

2 DRAFT,LCP,VCG,GM.DELGM NEBLAKPITCH KROLL KYAW KYAWRL,AWP,VCB,
2 FBDX(10) FBDYC1O),FEDZUO0),XPT(lo),YPT(105,zpTtlo),LCB,GML.
4 ASTAT(2655,BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,

5 IYAWRL,CNEAVE;CPITCH,CEEAPI:CROLL:AREAMX,WSURF,GIRTE(25)

INTEGER LPFIDX LRMIDXLSVIDX
REAL PFIDX(2355 ,RMIDX(183) ,SVIDX(3)

COMMON /10/ SYSFIL,POTFIL,COFFIL ,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL.BPLFILILRAFILDORGFIL,RAOFIL,RNSFIL,SEVFIL,SPDFIL,U 2 SPTFIL, LACFIL, LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL ,ICARD,TEXFIL ,IPRIV,
2 SCRFILHPLFIL,LRAFIL,ORGFIL,RAOPIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

COMMON /LOADS/ NLOADSSWGHT(25),SMASS(25) ,XLDSTN(1O) ,XLDXPT(2&),
2 LSTATN(26)

COMMON /PEYSCO/ II,TPI,PIPIOT,DEGRLAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RBOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL

COMPLEX II
CHARACTER*4 PUNITSC2)
REAL TiY,Y±l,r±UiO,ULDnAUiUUAL,'KE, META l-VK ,lRAV,IREO, CGNU ,REOS,

1 RHOF,GNUS .GNUF,FTMETR
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COMMON /RESPN/ NRESP,IPOINT(182) ,IMOTN(182),ITYPE(182),U
2 ILIN(182),ISYM(182)
LOGICAL ILIN,ISYM

COMMON /SEVERE/ NRSIND,RSINDX,NSWIND SWINDX,RSVTOE,RV,RHI
REAL RSINDX(14) ,SWIMDX(8) ,RSVTOE(4025
INTEGER RV(13),RH(13)

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HAL.OS,DEV,PRN,SMPPS,SMPIS,
2 LSDS,LHALOS,LDEVLPRN,LSMPPS,LSMPIYCS,LSMPOS,LSPDSO,LsHPYS, IO
2 LSMPS,SMPDS,SHPTYP,LSHIPS,VASCYCS,TITLES,OSPTINS,LSLSOYS,
2 LSHIPS,LTITLES
CHARACTER*160 AS
CHARACTER*80 FIS ,SIS ,SOS ,SDS ,TITLES
CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SNPDS,SEPTrYPSI
CHARACTER SHIPS*6,VARS*2,CYCLS*2
INTEGER*2 OPTION

DIMENSION XID(911) ,YID(182,S5
DIMENSION IMDDL(4) LSVRSP(3I
CHARACTER*4 RTITL(2)RTYPE(3 ,RUNIT(3),RSPNME(2,13)
CHARACTER*1 BLANK ,BT(80)
CHARACTER*2 AC(2) ,AT,AVK
CHARACTER*lO PARSI
CHARACTER* 110 PARS, SEAI
DIMACENSION HONG 24
DIMENSION HDATA(42,SND()TID()M(824),RL~3 ,)

2 ELM(4,8),RMSTBL(28,8,8),TOETBL(25,s,8),TEMBMS(13),TEJ.ToE(1s)
DIMENSION INDXRL(25) ,INDXHD(25) ,HEADNG(26)I

INTEGER TOETEL ,HEADNG ,TEMTOE
EQUIVALENCE (IPOINTYID) ,(XIDMRESP)
CHARACTER*4 METER,MET,FTACONO(3,2),BS,SUNIT

DATA METER,MET,vr /'METE',' M, I,' FT,'DATA LSVRSP /3,6,2,4,6,.9,8,9,8,9,8, 9,/
DATA RSPNME/' HEAV',lE'.'PITC',H'H,l SWA','Y',' ROL','L',

2 ' YA','W' ,'P1VA'.'C',4P1LA', 'C','P2VA' ,'C','P2LA', IC',
2 'P3VA' 'C' * P3LA' *'C', 'P4VA', 'C', 'P4LA' .'C'/

DATA INDARL/1,345678,0,1121,2i1O9,,6,4
2 3,2,1/
DATA INDIHO /13,12,11,10,9,8,7,6,8,4,3,2., 124,23,22,21,20,19,18,

2 17,16,15,14,13/I
DATA HEADNG /0, 15,30,48,60,75,90,1los,120, 135,150,165,180,

2 360,345,330,318,300,288,270,255,240,225,210, 195,180/
DATA HONG /O.,15.,30.,45.,60.,75.,90.,105.,120.,135.,1S0.,165.,

2 18O.,195.,210.,225.,240.,288.,270.,285.,300.,318.,330.,345./
DATA AC I'LC','SC'I

DATA ACOND /'LONG','CRES','TED ',-SHOR','TCRE','STED'/

NSVRSP = 13
NHEAD =24
NSPIND = NVK + 1
NTOIND = ITMOD + I
NID = 911

FI1 SDS(1:LSDS)//'.RMS'
OPEN (UNIT=RMSFIL,FILEzFIS,STATUS'IUNKNOWN',

2 ACCESS='DiRECT' ,RECL=1750)

modified to run on VAX/VMSI
*CDC CALL READMS (RMSFIL,XID,NID,1I)

READ (RNSFILREC1) (XID(I),I=1,432)
READ (RMSFIL ,REC=2) (XID(I),I=433,796),L.
IF (L .EQ. NID) READ CRMSFIL,REC=3) (XID(I),I=797,9l1)I

CDC L -LE!GTH(RMSFIL.)
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IF NE. NID) 1I9

M =4 159 means ENSFIL was generated by 514PM
* = 182 means RNSFIL was generated by SM4P84

K ý I

I MX = FL-+)/

YID(I. ) = XID() 9
780 CONTINUE

NRESP = MRESP
DO 770 IS=1,NSIGWH

* find most probable period
SWH = SIGWH(IS)
IF (PUNITS(1) .NE. METER) SWH = SWH*FTMETR

* significant wave height ranges below are in meters

3 IF (SWH .LE. 0.69) PER = 5.0

"� sea state 2

eIF (SWH.GT.O.59 .AND. SWH.LE.1.26) PER = 5.0
Ssea state 3

IF (SWH.GT.1.26 .AND. SWH.LE.1.73) PER = 7.0

S• sea state SW.
IF (SWH.GT.1.73 .AND. SWH.LE.2.24) PER = 7.0

1 sea state &

IF (SWH.GT.2.24 .AND. SWH.LE.3.97) PER = 9.0

* sea state 6

i IF (SWH.GT.3.97 .AND. SWH.LE.6.34) PER = 11.0
* sea state 73 IF (sWH.GT.e.34 AND. SWH.LE.12.29) PER =15.0

S sea st~te 8

IF (SWH.GT.12.29 .AND. SWH.LE.18.77) PER 19.0

*�greater than sea state 8

IF (SWH .GT. 18.77) PER = 19.0
IF (PER .LT. TMODAL 1)) PER = TMODAL(1)
IF (PER .GT. TMODAL NTMOD)) PER = TMODAL(NTMOD)
IMODL(IS) = I
DO 760 LT=I,NTMOD
IF (ABS(PER-TMODAL(LT)) .LT. 0.0001) IMODL(IS) = LT

760 CONTINUE
770 CONTINUE

ISKPSV m 0
IF' (IMOTNJl W. 1)ISKPSV = I

ISKPSV = 0 all motio:::- output severe motion tables

ISKPSV = 1ron only - skip severe motion tables

IF (ISKPSV oEQ. 1) GO TO 820
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FIS =SDS(1:LSDS)//'.SEV'
OPEN (UNIT=SEVFIL.FILE=FIS,STATUS='UNKýNOWN';

2 ACCESS='DIRECT' ,RECL=1620)

NSVRSP =8 + 2-oNPTLOC

IF (NSVRSP .CT. 13) NSVRSP 13I
CALL SETSEV (NSVRSP,LSVRSP)
NRSIND = NSVRSP + 1
NSWINO NSIGWU + 1
NRECD = 0

820 CONTINUE1

L~ - 3
DO 2 1=1,20
L 1,V + 4

READ (TITLE(I),SO00) (BT(J).J=L,,K)
5000 FORMAT (4A1)

2 CONTINUE
L 0

DO 4 1=1,80
IF (BT(I) .ME. BLANK) GO TO G

4 CONTINUE
6 CONTINUE

IF (L.EQ.8O AND. BT(8O).EQ.BLANK) L 1

IF (M .GT. 80) H = 80
WRITE (PARSi B0aO) (BTr(1¾1=L,M)

8010 FORMAT (10AtS
WRITE (PARS2,E,020) TITLE

8020 FORMAT (2oA4,2oX)

grit. to speed polar data and text files

FIS =SDS(1:LSDS)//'.SPD'
OPEN(SPDFILFILE=FIS.ACCESS='DIRECT' ,STATUS='UNKNOWN',

2 FORM='UNFORMATTED' .RECL=768)

FIS =SDS(i:LSDS)//'.SPT'
OPEN(SPTFIL,FILE=FIS,STATUS='UNKNOWN')I

WRITE (SPTFIL.5022) PARS1,PARS2
8022 FORHAT(A10/A100)

PRIDIR = 90.a

WRITE (SPTFIL,6o23) NVK,NREAD
8023 FORKAT(21&)U

WRITE (SPTFIL,5024)(VK( IV),V1NK
WRITE (SPTFIL £024 ) HDNG(IH) ,IH=i,NHEAD)

8024 FDRMAT(8F10.45

* loop over longcrested, shortcrested waves

DO 500 IC=1,2
CALL RLITER (SPINDXTOINDX,NSPIND,NTOIND,DATA,IC,RI4S,ROLL)

*change for VAX/VMS version
"* CDC CAIL STINDI (SEVFIL,RSINDX,NRSIND)
"* CDG DO 7 I=1 ERSIND

" CDG RSINDX(I5 =o.I

* loop over response1

DO 400 IR=1,NRESP
JR =0U
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IF (ISKPSV EQ. 1) GO TO 19

DC 18 LR=l,NSVRSP
IF (IR .NE, LSVRSP(LR)) GO TO 18
JR =LR
GO TO 19

18 CONTINUE
19 CONTINUE

KR =IR + 1
IP =IPOINT(IR)
IM = IMOTN(IRý
IT 1 TYPE(IR,
CALL RSTITL (IP,IM,IT,RTITL,RTYPERUNIT,PARS)
LINEAR = .114 (IR)
SYMMET a ISY( IR)
NPREDH =13
IF (.NOT. SYMMET) NPREDH =24

N = IRN

S change for VAX/VMS version
*CDC IF OR .EQ. 0) GO TO 21

"* CDC CALL STINOX (SEVFIL,SWINDX,NSWIND)
"C CDC DO 8 1=1 NSWIND

"I CDC SWINDX(IS = o." CDC 8 CONTINUE"* CDC21 CONTINUE

* loop over significant wave heightIDO 300 IS=1,NSIGWH
CON = SICWH(IS).STATIS
IF (IM.EQ.15) CON =SIGWH(IS)3 * loop over modal wave period

K?= 0
DO 200 IT0=I ,NTMOD
SWHMAX = .2O2*TMODAL(IT0'*.2I ~IF (PUNITS(1 .Eq. METERS SWHMAX =SWHMAX*FThETR

* loop over speed

DO 100 IV=1,NVK
K=K + 1
IF (SIGWHCIS) .GT. SWHMAX) GO TO 100
CALL FETCH (KR,IV.ITO,DATA,RMIDX,SPINDX.TOINDX,NDATA,LRMIDX,

2 NVK.NThOD,RMSFIL)

* loop over heading

L 2*NPREDH
DO 10 IA1I,NI DO 10 IH=1bNPREDH
IF (IC .EQ. 1) TEMP = DATA (L+1)IF (IC.:EQ. 2) TEMP = DATA (L+2)
L =L+2
RMSCIA.IH) =TEMP*CON

10 CONTINUE
N1 =EHEAD+1
DO 60 111=1,11
IF (111 GT. NPREDH) GO TO SO
LH = INDXHD(IH)
JC = (111-1)2 +I IC
IF (.NOT. LINEAR) GO TO 20
RMSTBL(LH,ITO,IV) =RMS(1,IH)
GO TO 40

20 KH =INDXRL(IH)
RLCALC =ROLL(KH,K,IS)
IF' (DTCATr GCFý R-LANG(1)) GO TO 30
RMSTBL(LHITO,IV) =RMS(1.IH)
GO TO 40
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30 IF (RLCALC .LE, RLANG(NRANG)) GO TO 35
GO TO 401

3S CALL SPFIT (RLANGRMS0a,Ill),ELM,NRANG)
CALL SPLVAL (RLANG,NRANGI.LM,I{LCALC,RMSTI3L(LH,ITO.IV) .DUM,IELM)!

40 TOETBL(LH,ITOFIV) =DATA(JC) 4 .6001I
GO TO 60

s0 3H = INDXRL,(IH)
RMSTBL(M IH.TOIV) RMSTBI3(T .1JI0,IV)
TOETEL(IBITOIV)= TOETBL( JHITOIV')

60 CONTINUEI
100 CONTINUE .7.SHM)GOT20

IF SGIS GT WMXGOT20
TOEMIN =99.0
TOEMAX =0.0
RMSMIN c RMSTBL(111T0,1)I

DO 120 IV=1,NVX
DO 110 IH=1,NHEAD
TEMP RMSTBL Il IMITOIV)
VTMP =TOETEL ( INITO,,IV)a
IF (VTMP .GT. 99.) VTMP =99.
IF (TEMP .LT. RNSHIN) RMSMlN TEMP
IF (XTMP .L-T. TOEMIN) TOEMIN VTNP
IF (VTMP .GT. TOEMAXý TOEMAX VIMP
IF (TEMP .LT. RMSMAX GO TO 110I

IF (JR .EQ, 0) GO TO 110
IF (ITO .NE. IMODL(IS)) GO TO 110
If (SYMMET .AND. IH.GT.13) GO TO 110
MXV=I

120 CONTINUEI
10CONTINUE

IF (OR .EQ- 0) GO TO 160
Ir (ITO .NE. IMODL(IS)) GO TO 160I
RSVTOE(1) = MXV
RSVTOE(2) = NIH
IE = 2
DO 130 IV=1,NVKI
DO 130 IH:1,NJIEAD
IE = IE 1
RSVTOE(IE) = RMSTBL(IH,ITO,IV)
IE = IE + 1
RSVTOE(IE) =TOETBL(IHITO.IV)I

* write to severe motion file3

* change for VAX/VMS version~
*CDC CALL WRITHE (SEVFIL,RSVTOE,IE,IS)

NRECD = NRECD + 1

WRITE (SEVFILREC=NRECD) RSVTOE I
150 CONTINUE

* write to speed polar file

ISIGWH = SIGWH(IS)*100.I
IF (ISIGWH .GE. 1000) WRITE (ES 3001) ISIGWH
IF (ISIGWH .LT. 1000) WRITE (BE ,3002) ISIGWH
IF (ISIGWH .LT. 100) WRITE (BS,3003) ISIOWH
IF (ISIGWN .L.7. 10) WRITE (BS3004) ISIGWH

3002 FORMAT (W10,3
3003 FORMAT (21H01001)
32004 FORMAT (31100,11)
30104 FORMAT (12)O 1i
3000 FORMAT (1110,11)

ITHODL = TMODAL(1TU) + b6
IF (ITMODL -LT. 10) WRITE (AT.3000) ITMODLg
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IF (ITMODL .GE. 10) WRITE (AT,3010) ITMODL
SUNIT rMET
IF (PlJNITS(1) .NE. METER) SUNIT =FT
WRITE (SEA,3020) HS.ATIAC(IC) SIGWH(IS),SUNIT,TMOUAL(ITO),

2 (ACOND(IIC).Izl.3)A(STATNM(li1¼1 3)
3020 FORMAT (2HBR,A4,2A2,32H BRETSECNEIDER SEAWAY - SIGWH =,F6.2,A4,

2 1011 TMODAL =,F6.2 7H SEC, ,3A4,4X,3A4,7X)
WRITE (SPTFIL,602& PASE

5025b FORMAT (AllO)
WRITE (SPTFIL 602-6) RMSMIN,RMSMAX,TOEMIN,TDEMAI

b026 FORMAT AF10.6 5
WRITE (SPOFfL) ((RMSTEfL(IHITOIV) IV=1 NVK),IHI1,NHEAD)
WRITE (SPOFIL) (TOETEL(IH, ITOIV) IV=1,NVK),1H=1,NHFAD)

200 CONTINUE
IF (IT GT. 1 .AND. VLACPR.EQ.0) GO TO 300

* print RMS/TOE tables

DO 250 lPAGE=1,2
IF (IPAGE.Eq.2 .AND. SYMMET) GO TO 250
WRITE (IJPRIN.1000) TITLE

1000 FORMAT (1H1,22X.2'0A4)
IF (IC .EQ. 1) WRITE (IPRIN,10iO)
IF (IC .EQ. 2) WRITE (IPRIN 10120)

1010 FORMAT (/S8X.I1HLONGCRESTEDS
1020 FOiRMAT 0/58X 12HSHORTCRESTE0)

IF (PUNITS(1I .NE. METER) WRITE (IPRIN.1O30) SIGWH(IS)
1030 FORMAT (45X,2SBSIGNIFICANT WAVE HEIGHT =,F6.2,SH FEET)

IF (PUNITS(a) EQ. METER) WRITE (IPRIN,1031) SIGWH(IS)
1031 FORMAT (45X,2SHSIGNIFICANT WAVE HEIGHT =,F6.2,711 METERS)

IF (IP.GT.0 AND. IM.LE.3) WRITE (IPRIN.1032) (PTNAME(I,IP),
2 1=1 8) XPTLOC(IP),YPTLOC(IP),ZPTLOC(IP)

IF tIP.GT.0 .AND. IM.EQ.15) WRITE (IPRIN.ioaZ) (PTNAME(I,IP),
2 I=1,8),XPTLOC(IP),YPTLOC(IP),ZPTLUC(IP)I1032 FORMAT (/27x,8A4,2X,SHXFP = F7.2,2XSHYCL,=,F7.2,2X,SHZEL =,r7.2)

:r (Ir.cT.o AND. IM.EQ.8) WRITE (IRN1 ) (FBNAME(I.IP),
2 1=1,6),XPTFBD(IP),YPTFBD(Ir).WPTFBD(IP)

1033 FORMAT (/33x,SA4,2X,SHXFP =.F7.2,2X,SHYCL =,F.2,'2X,SHZBL =.F7.2)
IF IP.T. .AD.(IM.GE.10 .AND, IM.LE.14) WRTE (IPRIN,1073)

2 XLOSTN(IP)
1073 FORMAT (/SeX THSTATION,FS.1)

IF (IM .NEX1SS WRITE (IPRIN,1034) RTITL,RTYPE,RUNIT
1034 FORMAT (/64X 2A4,IX.3A4/68i ,3A4)

IF (IN.EQ.1SS WRITE (IPRIN,1036)I 1036 FORMAT(/SOX,26HHORIZONTAL FORCE ESTIMATOR/SBX 4H (G))
IF (IM.LT.4 .AND. IT.EQ.3) WRITE (IPRIN,10365
IF (IM.EQ.is) WRITE (IFRIN 1036)

1036 FORMAT (s8x,1211(ACC. X 1003)I ~IF (lP.GT.o -AND. (IM.CE.i0 .AND. IM.LE.11)) WRITE (IPRIN.1063)
1063 FORMAT (/67X,14H(FORCE / 100 ))

IF (IP.GT.0 .AND. (IM.GE.12 .AND. IM.LE.14)) WRITE (IPRII,1065)
!OGG FORKAT (/CAY 1tH(M0MENT / 10000))

IF (IM .EQ.73 WRITE (IPRIN 10385'vi1038 FORMAT (671,14H(FORCE / 1000))
IF (IM.NE.15) WRITE (IPRIN,1040) (STATNMUl),I1=13)
IF (IM.EQ .16) WRITE (IPRIN .1041)

1040 FORMAT (/40X.3A4,39H VALUE / ENCOUNTERED MODAL PERIOD (TOE))
1041 FOR.MAT(51X,42HRMS VALUE / ENCOUNTERED MODAL PERIOD (TOE))

IF (IPAGE .EQ. 2) GO TO 226
* starboard headings

WRITE (IPRIN.1042) (HEADNG(IH),IH~i,13)K'1042 FORMAT (/68I.2SHSHIP HEADING ANGLE IN DEGREES/41 1HV,2X,2HT01 71,2 4HHEAD ,471,gHSTBD EEAM,46X .6HFOLLOW/IOX, 13(61.133)
DO 220 IV=1 NVK
IVn VR(IVS + .6001
WRITE (AVE 1046) IVEI1046 FORMAT (125
WRITE (IPRIN.1060)

IU U IWMAT Oh )ft DO 220 IT0zl,NTMOD
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SWHMAX = .202-,%TMODAL(ITO)**2
IF (PUNITS(1 .EQ, METER) SWHMAX = SWHMAX*FTMETR
IF .SGHS GT. SWHMAX) G0 TO 220

IMP =TMODAL(ITO) + .5001
DO 210 18=1,13 I
TEMRMS(IH) =RKSTBL(IHjIr0,v)
IF (IMEQ.16) TEMRMS(IH) = TEMRMS(IH) * 100
IF (IM'.LT.4 -AND. IT.EQ.3)

2 TEMRMS(IH) =TEMRMS(IH) * 100
IF (IN .EQ. 7) TEMRMS(IH) = TEMRMS(IH) / 1000.

IF ýIP.GT.0 .AND. (IM.GE.10 .AND. IM.LE.11)) TEMRMS(IH) =

IF' (IP.GT.0 .AND. (IM.GE.12 .AND. IM.LE.14)) TEMRMS(IH) =

2 rEHRMS(IH)/10000
TEMTOE(IH) =TOETBL(IH,ITO,IV) .
IF(TEMTOE(IH) .GT. 99) TEMTOE(IH)=99

21.0 CONTINUE
WRITE (IPRIN,1052) AVK,IMP.(TEMRMS(IH),TEMTOE(IH) ,IH=1,13)

1052 FORMAT (3Y..A2,2X,12,3X, 13(lX,FS.2,lH/,12))
AVK = BLANK '
GO TO 250

* port headings

226 WRITE (IPRIN 1043) (READNG(IH),IH=14,26)
1043 FORMAT (/68X:29HSHIP HEADING ANGLE IN DEGREES/4X,1HV,2X,2HTO,7X,

2 4HHEAD,47X,9HPORT BEAM,46X,6HFOLLOW/1OX,13(6X,I3))
DO 240 IV=1 NVK
IVK = VK(IVS + .5001I
WRITE (AVK 1046) 111K
WRITE (IRiN,1050)
DO 240 1T01I,NTMOD
SWHMAX =.202*TMODAL(IWO**2
IF (PUNITS(1) .EQ. METER) SWIYAX =SWHMAX*rTMETR
IF (SIGWH(IS) .GT. SWHMAX) G6 TO 240
IMP =TMODAL(ITO) + .5001
LH =26
DC 230 1H=1,13
LH =LB - I
TEMRMS(IH) =RMSTBL(LH,:ITO,IV)
IF (M.EQ.15) TEMRMS(IH) = TEMRMS(IH) * 100
IF ((INLT.4 .OR. IM.EQ.9) .AND. IT.EQ.3)

2 TEMRKS(Iii) =TEMRMS(IH) * 100
I INEQ. 7) TEMRMS(IH) =TEHRMS(IH) / 1000.

IF (IP.GT.0 .AND. (IM.GE.10 .AND. IM.LE.11)) TEMRMS(IH) =
2 TEMRMS(IH)/100

IF (IP.GT.0 .AND. (IM.GE.12 .AND. IM.LE.14)) TEMRMS(IH) =

2 TENRMS(IH)/10000 
'

TEMTOECIH) = TOETBL(LE,ITOIV)
IF(TSMTOE(IH) .GT. 99) TEHTOE(IH)=Qg

230 CONTINUE
WRITE (IPRIN,1052) AVK,INP,(TEMRMS(IH).TEMTOE(IH).IH=1,13)
AVK =BLANK

240 CONTINUE
280 CONTINUE
300 ^'ONTINUE

* chanige for VAX/VMS version
"* CDC IF (JR .EQ. 0) Go To 310
"* CDC CALL STINDX (SEVFIL,RSINDX NRSINU)
"* CDC CALL WRITMS (SEVFIL,SWINDXNSWIND,JR)
"* CDC310 CONTINUE

IF (IM.EQ.8 .AND. IT.F.Q.2) CALL DKWSLM (KR.IC,IM,NPREDHN,NDATA,
2 DATA,INDXP.L,INDXHt.HEADNG,HDNG,LINEAK,SYMMET,SPINDX,TOINDX,IP,
2 RMSTBL,TOETBL ,RKS ,ROLL)

400 CONTINUE

* change for VA)~/fliS vezas'UIL

*CDC IF (ISKPSV .EQ. 1) GO TO 410
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" CDC CALL STINOK ýSEVFIL.SVIDX,LSVIDX)
*CDC CALL WRITMS SEVI!IL.RSIUDX,NRSIND,lC)

"* CDC410 CONTINUE

800 CONTINUE

CLOSE (UNIT=RMSFIL)
IF (ISKPSV .EQ. 0) CLOSE (UNflT-SEVFIL)
CLOSE (UN I~TSPDFIL)
CLOSE (UNIT=SPTFlL)

IF (ISI'SV .EQ. 0) CALL SEVMOT (NSV-RSP,RSPNME,HDNGhIMODL)

RETURN
END

C DECK RMSTOE
SUBROUTINE RMSTOE

The purpose of the rmstoe jegmen'. is to compute the rms, second and
spectral energy for any ship response. The calculations are done

* for unit significant wave height in long and shotcrested seas for
a series of modal wave periods. The shortcrested calculations are
performed usinYEaRcsin-qa weighting function.

W.G.ME SDTMSRDC, 100777

COMMON /DATINP/ OPTN,MOTN,BSCFILVLACPRRAOPR,RLDMPR,DISPLMT,
2 LRAOPR,ADRPR,ORGOPTN,GMNOM,KG,STATNI(25) ,NSOFST(25),'I2 INLEWF(28) HLFBTH(i0,25) ,WTRLN.E(10.25) ,BLEWF(25) ,TLEWF(25),
2 AkREALr(25 5,NPTLOC,PTNUMB(10) ,PTNAME,XPTLOC(10) ,YPTLOC(iO),
2 ZPTLOC(10) ,NBB.FBNUMB(1O),FBNAME,XPTFBD(10),YPTFBD(10),
2 ZPTFBD(1O),FBCODE(10),FBTYPE,RDOT(1O),VKDES,FADES,
2 STATNM,STATISI CHARACTER*4 PTNAMECB,10),FBNAME(8,10),STATNM(S).FBTYPE(3,1O)
INTEGER OPTN ,MOTN ,BSCFIL,VLACPR,RAOPR,ADRPR,ELDMPR,FBCODE.

2 FBNUMB,PTNUM , ORGOPIN
REAL KG
COMMON /ENVIOR/ VKNVK,MU,NMU,OIIEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,

I NSIGWB,TMODAL,NTMOD,NRANG,F.ANG,RLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NMU,NOMEGANSIGMA,NSIGWH,NTMODNRANG,NNMU(8)
REAL VK(8),NU(37,8),OMEGA(30) SIGMA(iO\ SIGWH(4),TMODAL(8),

2 RANG(8) ,UANG(s) .5(30,8) ,FRNUM(8) ,Vrsc85

COMMON /GEOM/ X,NFTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
I VCG,GM,DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRL,AWP,VCB,FBDX,FEDY,
2 FBDZ ,NFREBD,XPT ,YPT,ZPT,NPTS ,LCB,GML,ASTAT,BSTAT ,TITLE,MASS,I 2 DISPLM,IPITCH,IROLL,IYAW,IYAWR.L,CHEAVE,CPITCII,CHEAPI,CROLL,
2 AREAHX,WSURF ,GIRTF ,FBDZV DBLWL,TLCB

INTEGER NSTATN,NOFSET(2&3 ,NFREBDNPTS
CHARACTER*4 TITLE(20)
REAL x(25),Y(lo,26),Z(i0,25),rFBDzV(s,lo').LPP,EEAM.DBLWL,TLCD-,I 2 DRAFT,LCF ,VCG,GM DELGM NibLA ,KPITCM ,KROLL KYAW KYAWRL,AWP ,VCB,

2 FBDX(lo) FBDY(10SFBDZ(10),XPT(10),YPTC1OS.ZPT(IO),LCB.GML.
4 ASTAT(251,BSTAT(25),MASS,DISPLM,IPITCB.IROLL,IYAW,
S IYAWRLL,CHEAVE,CPITCB,CHEAPI,CROLL,AREAMX,WSURP,GIRTH(25)

COMMON /INDEX/ PFIDX,LPFIDX,RNIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDX LSVIDX
REAL PFID1C2355 ,RMIDXU18S) ,SVIDX(3)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCDFIL,ICARD,TEXFIL,IPRIN,

2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOF-IL,RMSFIL,SEVFIL,SPDFIL,5 SPTFIL,LACFIL.LAEFIL

COMMON /PBYSCO/ II ,TPI ,PI ,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU IREOS RHflF.gNUS.GNUF.PTMETR,PUNITS,REYSCLft COMPLEX II
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REAL TPI.PI,PIOT,DEGRADRADDEG VKMETR,METRVK,GRAV,RHO,GNU,RRiOS,II RHOFGNUS ,GNUF.FTMETR,PUNITS(25

COMMON /RESPN/ NRESP,IPOINT(182) ,IMOTN(1S2LITYPE(182),
2 ILIN(1132),ISYM(182)

LOGICAL. ILIN,ISYM

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS,LHALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,
2LSHIPS,LTITLESI
CHARACTER*8O FIS ,SIS ,SOS ,SDS ,TITLES
CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMIS,SMPOS,SMPDS,SHPTYPS
CHARACTER SHIPS*6 ,VARS*2 ,CYCLS*2

INTEGER*2 OPTION
COMM4ON /STATE/ LAT ,VRT ,LOADS ,ADDRES,SALT,HEAD,EXROLL ,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEELI

DIMENSION WEVN(100),SPINDX(9),TOIUDX(9),DATA(432) ,AOMGE(3O,13),
2 R(30),RAO1(30,8,13),RAO2(30,8,11),KRLC(13),B2(35)

INTEGER DELEET
LOGICAL LINEAR, SYMMET
DIMENSION XID(011)

EQUIVALENCE (NRESP,XID)

MID =91.1
NWEVN = 100
CALL WEDEEN (NWEVN,WEVN)S
DELBET = 15
NLCH = 11
CALL SCB2 (DELBET.B2,PI,NLCH)
UPLANE =2
NSPIND = NVK 4 1I

FIS = SDS(1:LSDS)//'.RMS'
OPEN (UNIT=RMSFIL,FILE=FIS,STATUS='UNKNOWN',

2 ACCESS='DIRECT' ,RECLI17SO)I

FIS =SDS(1:LSDS)//'.ORG'
OPEN (UNIT=ORGFIL,FILE=FIS ,FORLM='UNFORMATTED' ,STATUS='UNKNOWN')

FIS =SDS(1:LSDS)//'.LCO'
IF (LOADS)

2 OPEN (UNIT=LCOFIL,FILE=FIS ,FORM: 'UNFORMATTED' ,STAThS='UNKNOWN')

* modified to run on VAX/VMS
*CDC CALL WRITMS (RMSFIL,XID,NID,i)I

WRITE (RMSFIL,REC1 (I (),=142WRITE (RMSFIL,REC=2ý ( I(),=437),NID
WRITE (RMSFIL ,REC=3 XID (I) .1797,Q1l)I

DO 60 1R1I,NRESP
LINEAR = ILIN (IR)
SYMMET = ISYM (IR)I
NPREDH = 13
IF (.NOT. SYMMET) NPREDH =24
JA =1
IF (.NOT. LINEAR) JA = 6
N =I
IF (.NOT. LINEAR) N = NRANO
IF (LOADS) REWIND LCOFIL
REWIND OROFIL
READ (OROFIL) TITLE,NVK ,NMU ,NOMEGA ,OMEGA,NRANG ,RLANG ,VRT ,LAT,
2ADDRES,LPP.BEAM,DRAFT,DISPLM,OM,DELGM,KG,KROLL,LCB,GRAV,RHG,

* define 2-parameter (significant wave height, modal wave period)
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* Bretschneider sea spectra, for urnit significant wave height

DO S00 IT=1,NTMOD
CALL BR~WVSP (NOMEGA,1.,TMODAL(IT),OMEGA.S(1,IT))

500 CONTINUE

IPHS 0
NDATA (2 + N*2)*NPREDH

10CD CALN TINUE (MFLSINXNPZD

IDO 50 IV=1,NVK
NMIJ = NNMU(!V)
NLCH =NMU - 2
NI = NMU/2 - 1
N2 = NMU/2+I
NBETA =2*(NMU-l)

DO 18 IH=1,NMU
KH I - 1I IF (IH .EQ. 1) KR = 1
IF (IH EQ. 13) KH 11
CALL RAOPHS (AOMGE(1,IH),RAO1(1,1,IH),DUM,RA02(1,1,KH),DUM,

2 KREC(IH),IR,IV,IHIPIS)
15 CONTINUE

* modified for VAX/VMS
"* CDC CALL STINDX (RMSFIL,TOINDX,NTOILND)
* CDC DO 20 I=1,NTOIND
" CDC TOINDX(I) =0.

CC 20 CONTINUE

DO 40 IT=1,NTMOD

CALL RMS (KREC.RAO1,RAO2,IT,NPR,B2,NPREDH,NLCH,N1 ,N2,DATA,
2 IMOTN(IR) ,NBETA)

CALL TOE (KRRC,AOMGE,RAOIRAO2,JA,ITR.B2,NPREDH,
2 NLCH,NI.,N2,NBETA,DELBET,NWEVN,WEVNIV,DATA)

Ed * modified for VAX/VMS
*CDC CALL WRITHS (RMSFIL,DATA,NDATA,IT)

NRECD = NRECD + 1
WRITE CRMSFIL,REC=NRECD) DATA

40 CONTINUE
* CDC CALL STINDX (RMSFIL.SPINDXPNSPIND)
* CDC CALL WRITHS (RMSFIL.TOINDXPNTOIND,IV)

80 CONTINUE

* CDC CALL STINDX (RI4SFIL.RMIDX,LRMIDX)

KR IR + 1

* CDC CALL WRITMS (RMSFILSPINDX,NSPIND,KR)

60 CONTINUECLSIUI=MFL
CLOSE (UNIT=RMSFIL)
CF LOASCLSE (UNIT=ORGFIL)

I RETURN

3C DECK RPH12D
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SUBROUTINE RPHI2D (K,PHI2D)

COMMON /CHSD/ ISIGMA,SIGMIN,SIGMAX,v,STNMU,COSMU,W'rSI,
2 IMMIN ,IMMAX,IMDEL,LMIN,LMAX
REAL SIGMIN,SIGMAX,V,SINMUJ,COSMU,WTSI(4)
INTEGER ISIGMA,*IMMIN ,IMMAX, IMDEL,LMIN ,LMAX

COMMON /ENVIOR/ VK,NVK,MU.NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
I NSIGWH,TMODAL,NTMOD,NRANC,RANG,RLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NMU,NOMEGANSIGMA,NSIGWHNTMDDNRANG ,NNMU(B)
REAL VK(B),MU(37,8,,OMEGA(30),SIGMA(lO) SIGWH(4) TMOOAL(S),I

2 RANG(S) ,RLANG(8) .5(30,8) ,FRNUM(8),VFS(8j

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
I VCG,GM,DELGM,NEBLA,KPITCI{,KROLL,KYAW,KYAWRL,AWP,VCB,FBDXFBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS, '
2 DISPLMIPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCE,CHEAI'I,CROLL,
2 AREAMI ,WSURPF,GIRTH ,FBDZV DBLWL TLCB
INTEGER NSTATN,NOFSET(285 ,NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(28),Y(10,28),Z(10,25),FBDZV(5,1O),LPP,BEAM.DBLWLTLCB,

2 DRAFT,LCFVCG GM DELGMNEBLA,KPITCH,KROLL VYtWKYAWRL,AWýP,VCB,
2 FBDX(IO) FBDY(10S,FBDZ(1O),XPT(10),YPT(1O5,ZPT(10),LCB,GML,
4 ASTAT(255,BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,
5 IYAIJRL,CHEAVE,CPITCE,CHEAPI,CROLL,AREAMX,WSURF,GIRTH(26)

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIOX,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDX,LSVIDX
REAL PFIOX(2355 .RMIDX(183) ,SVIDX(3)

COMMON /10/ SYSFIL,POTFIL,COF'FIL,LCOFIL,ICARD,TEXFIL,IPRIN,I
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,*LAEFIL

INTEGER SYSFIL,POTFIL,COPFIL,LCOFIL,ICARD,TEXFIL.IPRIN,

2 SCRFIL .HPLFILLRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL, SPDFIL,

COMMON /STATE/ LAT,VRT,LOADS, ADORES ,SALT,HEAD ,EXROLL,BKEELA
LOGICAL LATVRT,LOADSADDRES,SALT .HEAD,EXROLL,BKEEL

COMPLEX PHI2D(10,iO.4)
REAL DATA(320)

NNODE = NOFSET(K)
NDATP = 0I
IF (VRT) NDATP = 18*NNODE
IF (LAT) NDATP = EDAT? + 1OsýNNODE
ISIGMI NSIGMA - 1
DO 30 ISIGMA=1.ISIGMX

INDEX = (ISIGMA-1)*NSTATN + K
* modified for VAX/VMS

*CDC CALL READMS (POTFIL DATA,NDATP,INDEX)
READ (POTFIL,REC =INDEXS DATA

NEXT = I
DO 20 JW1,NNODE
DO 10 I=IMKIN,IMMAX,IMDEL
PHI2D(ISIGMA,3,I) =CMPLX(DATA(NEXT) ,DATA(NEXT+1))
IF (ISIGMA *.EQ. ISIGMX) PH12D(NSIGMA,J,I)I

2 CMPLX(DATA(NEXT+4) ,DATA(NEXT+S))
NEXT =NEXT + 8

10 CONTINUE
20 CONTINUEI

RETURN
END

C DECK ucnturE

SUBROUTINE RSOLVE( N. IDIM, A, B, IP
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*solution of linear system, A*X B

*INPUT ...
* N = order of matrix.
* NIMu= declared dimension of array A
* A =triangularized matrix obtained from "DECOMP'.

E B = right hand vector.
I IPPOVOT vector obtained from "DECOMP".

*do not use solve if DECOMP has set IP(N) =0

*OUTPUT...
* B =solution vector, X

REAL A, B, T
INTEGER N, NDuN, IP, 1, K, KB, K~i, KP1, M, NMIl
DIMENSION A(NOIM,NDIM), B(NDIM)
DIMENSION IP(NDIM)

IF (N .EQ. i) GO TO 1500
NMI1 N - I
DO 1200 K = 1, NMIl
KP1 = K + 1
M = IP(K)
T = B(M)

B( (K)

DO 1100 I = KPM, N
B(I) =8(I) + A(I,K)*T

1100 CONTINUE
1200 CONTINUE

DO 1400 KB =1, WMil
KKI N - KB
K = KMil + 1
B(K)_= B(K)/A(K,K)
T = -8(K)
DO 1300 I 1, KHi
B(I) = (I) + A(I,K)*T

1300 CONTINUE
1400 CONTINUE
1500 CONTINUE

99999 CONTINUE

RETURN
END

C DECK RSTITL
SUBROUTINE RSTITL (IP,IM,IT,RTITL,RTYPE,RUNIT,PARS)

COMMON /DATINP/ OPTN ,MOTNBSCFIL,VLACPRRAOPR,RLDMPR,D)ISPLWI,
2 LRAOPR,ADRPRORGOPTN,GMWOM,KG,STATN(25) ,NSOFST(25),
2 NLEWP(25) HLPBTH(i0,25),UTiRLNE(i0,25),BLEWF(2S),TLEWF(2,.)4
2 AREALF (255 ,NPTLOC,PTNUMB(10) ,PTNAME,XPTLUC(10) ,YPTLOC (10),
2 ZPTLOC(10) ,NBB,FBNUMB(1O),FBNAMEXPTFBD(10),YPTFBD(10),
2 ZPTFBD(10),FBCODE(10),FBTYPE,RI3OT(10),VKDES,FNDES,
2 STATNM,STATIS
CHARACTER*4 PTNAME(B,10) ,FBNAME(8,10) ,STATNH(6) ,FBTYPE(3,10)
INTEGER OPTN,MOTN ,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,

2FBNUMBPTNUMB,ORGOPTN
REAL KG

COMMON /LOADS/ NLOADS,SWGHT(26) ,SMASS(25) .XLDSTN( 10) ,XLOXPT(25),
2 LSTATN(26)

COMMON IPHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETh,METRVK,GRAV,
2 REO,GNU,RHOS,RROF,GNUS ,GNUF,FTMETR,PUNITS ,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL PI ,PI ,PIOT,DEGRAD ,R.ADDEG,VKMETh,METRVK ,GRAV,RHO ,GNU ,RIIOS,

I RH0F CNIJS CNUF,.FTMETR

CHARACTER*3 PT(10) ,TT(3) ,PPM(3) ,RLT(2)
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CHARACTER*4 KETER,MUNIT(3,7) PNTMOT(2 3) .LOAD(2,S)
CHARACTER*4 LTYPE 3 2),LUNIT53,3),TYPE(3,5),RELMDT(2)
CHARACTER*4 ADRES 2 ,ADRTYP(3),UNIT(3,7):RUNIT(3)
CHARACTER*4 RTITL(2) ,RTYPE(3) ,HFEMOT(2)
CHARACTER*S PPLM(3) .TTLM(3) ,HFEM,EHFEM

CHARACTER*6 ORGMUT(2 ,6)I
CHARACTER*10 OMOT(3,6) ,FMOT(3)
CIIARACTER* 110 PARS

DATA METER /'METE'/
DATA ' ,'T (M','DEG) ','S ',' (DE','FG/ ,SE', c) ''(EG,

2AAIJI '(G (M ::Df:: ','ETER','s) ','(DEEG',/''Sc),
2 '/SEC','2) ,' (,LBS)' I
DATA PPLM /'LONG.','LATE.','VERT.'/
DATA HFEM /'HOR'/
DATA HHFEM /'HORZ.'/I
DATA TTLM /'DISP.','VEL. '.'ACC. V/
DATA PT /'Pl','P2','P3' )P4 pS',)Pe'lP7),IP8'IP9' ,'PIO'/
DATA TT /'DSP','VEL','ACC'/,
DATA PPM /'LON','LAT','VER'/
2AT 'HEAVE ' SUEA EL','SUREA 'IUACC','ROL',ROVE','ROLAC',PITWACC',
D HATAOMT 'SRGAEL','SURELAC','SRACC','SWAYE','SLAVEL','SWAACC',

2 'PITVEL','PITACC','YAW','YAWVEL','YAWACC'/
DATA ORGNOT P' S'.'URGE',' ''WY, H', 'EAVE',' ',

2 'ROLL,,' Pl.'ITCH',' ',YAW'/.. ''
DATA PNTMOT /I LON','GIT.', LAT','ERAL','VERT','ICAL'/
DATA HFEMOT P' HOR','IZ. '
DATA FMOT /'FINANG' ,'FINVEL' ,'FINACC'/
DATA LOAD!' H.S','HEAR',' V.S','HEAR',' T','fJRS.',' V.B',

2 'END.',' H.B','END.'/
DATA L.TYPE /'FORC','E ', ,MOME','NT '' '
DATA LJNIT /' (T','ONS)',' ' (M-','TONs',') J'' (FT',

2 I-TcJN','S) I/
DATA TYPE /'DISP','LACE','MENT','VELU','CITY',' ','ACCE',

2 'LERA','TION','ANGL','E l,' ','MOTI','ON ', I/
DATA RLT /'RLM','RLVl!
DATA RELMOT /'RELA1,1TIVE'/
DATA ADRES /I A','DDED'/
DATA ADRTYP,/'RESI','STAN','CE 'I/
'(G) 'NI ' (F,' 0''E)',' l,' (DE',lG/SE','C) ',1 (E'
DAAUNT2 (F('G)', '(FEE,'T/SEl,'C) '(E'

2 '/SEC','2) '' ''LBS)'' I

RUNIT 1 = UNTiT
RUNIT 2 NT2IT
RUNIT 3 =UNIT 3,IT
IF ý PUNITS 1 .EQ. METER) RUNIT (1) = MUNITl (1IT)
IFPUNITS, (1 .EQ. METER) RUNIT (2)= MUNIT (2,IT)
IFPUNITS (I .EQ. METER) RUNIT(3)= MUNIT (3,IT)

JT =IT + 3
IF (IP .GT. 0) GO TO 20

IF (IN .GT. 6) GO TO 10

* origin motionsI
RTITL(1) = ORGMDT(1IJM)
RTITL(2) = ORGMOT(2,IM)

RTYPEM = TYPE(1,IT)I
RTYPE (2) =TYPE(2,IT)
RTYPEO() =TYPEC 3,IT)
IF (IM.GT.3 .AND. IT.EQ.1) RTYPE(1) = TYPE(1,4)
IF ýIN.GT.3 .AND. IT.EQ.1) RTYPE(2) = TYPE (2,4)IF IM.GT.3 .AND. IT.EQ.1) RTYPE(3)= TYPE (34)
IF I .GT. 3) RUNIT 2) = UNIT 2,JT)

IF ýIN GT. 3) RUNIT(i) = UNIT(2,JT)
IF (IM .GT. 3) RUNIT(3) = UNIT (3,JT)
IF ýPUNITS I .EQ. METER .AND. IM .GT. 3 UNT1=MUNITIf
IF PUNITS 1 .EQ. METER .AND. IN .GT. 3ý RUNIT 2 MUNIT 2J
IF PUNITS~l I .EQ METER .AND. IN .GT. 3 RUNIT 3 =MUNIT IJ

3000 FORMAT (AIO,1OX,A10,BOXk)
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GO TO 50

10 IF (IN NE. 7) GO TO 30

* added resistance

RTITL (1) ADRES(1)
RTITL (2) =DRES()
RTYPE 1=ARY
RTYPE 2$ ADDRTYP 2
RTYPE (3) ADRTYP (3)1
RUNIT (1) = UNIT (1,7)
RUNIT (2) = UNIT(2,7)
RUNIT (3) = UTNIT(3,7)
GO TO 50

20 IF (IN .GT. 3) GO TO 30

* motions at a Point

RTITL(1) PNTMOT(1,IM)
RTITL (2) = PNTMOT (2,114
RTYPE (1) = TYPE(,7
RTYPE (2) = TYE 2,7

RTYPE(3) = TYPE(3,IT)

WRIE PARS,3010) PPM(IM),'TT IT) ,rr(IP),PPLM(IM).TTLM(IT),
2 XPTLOC (1P), YPTLOC(IP),ZPTLUC (IP)

3010 FORMAT (3A3,1i1,AS,IX.AS 4X,2HAT,4X.SHIFP =,F6.2,3X.SHYCL,
2 F7.2,3X,SHZBL =F7.2,28X

5

GO TO 60

30 IF (IM .NE. 8) GO TO SO

* relative motion

RTTTL.(I) = RELMOT(1
RTiTL (2) = RELMOT(2)
RTYPE(1I = TYPE(i,IT)
RTYPE (2 = TYPE(2,IT)
RTYPE (3) = TYPE( 3TB

I (I .EQ. 1) RTYPE1 TYPE15
IF (ITEQ 1)TP(2 = TYPE(2,6)
IF (IT .EQ. 1) RTYPE (3) TYPE (3.6)
WRITE (PARS,3020) RLT(IT),PTI),TT,RTYPE,XPTFBD(IP),

2 YPTFBD(IP),ZPTFBD(IP)
3020 FORMAT (2A3,14X,2A4,1X.3A4,2HA7,4X,5HXFP =,F6.2,31,EHYCL =

2 F7.2.31.SHZBL =,F7.2,221)

50 IF (IN .NE. 9) GO TO 72

* anti-roll f ins

RTITfLý ='I
RTITL (2) = FIN'
IF (IT .EQ. 1) JT =4
IF (IT .GT. 1) JT = IT
DO 60 I=1,3

60 RTYPECI = TYPE(I,JT)
JT = IT + 3
DO 70 I=1,3

70 RUNIT(I) = UNIT(I,JT)

WRITE (PARS,3000) FMOT(IT) ,FMOT(IT)

72 IF (IN .NE. 16) GO TO 80
RTITL(1 = HFEMOT(1)
RTITfL () = HFEMOT(2)
RTYPE (1) rTYPE (1,3)
RTYPE 2ý TlYPEj:
ATYPE 3 T TYP
RUNIT 1I UNIT1,£uiý NH53

3 153



WRITE (PARS,3010) HFEMTT(3) PT(IP),HHFEM,TTLM(3),B

2 XPTLOC(IPLYPTLOC(IP),ZPTLOC(IP)

80 IF (.NOT. (IP.GT.0.AND.(IM.GE.10.AND.IM.LE.14))) Go TO 100

* loadsI

3M =1 IM 9
RTITL (1) LOAD (lAM)%
RTITL(2) =LOAD(2,214)
LT =1 I
IF(MT GT LT T
IF ( LT..2AD(NIS)NEMTR)T 3

DO 82 1=1,3
RTYPE(I) LTYPEWTLT)I
RUNIT(I) LUNIT(I,MT)

82 CONTINUE
IF (3M .EQ. 1) WRITE (FARS.3031) PT(IP),XLDSTN(IP)
IF 3JM .EQ. 2) WRITE ýPARS,3032J FT IPLXLDSTN IP'
IF 3M .EQ. 3 WRITE PARS,3033 PT IFý XLDSTN IP 'I

IF 3M .EQ. 4ý WRITE PARS,3034 PT IP :XLDSTN IF
IF (3M .EQ. 5) WRITE (PARS,3035) PT(I?),XLDSTN(IP)

3031 F7ORMAT(EHHSHEAR,A3,11X,2QHHORIZ. SHEAR FORCE AT STATION,FG.2,SSX)
3032 FORMAT (LHVSHEAR,A3. liX ,2QHVERT. SHEAR FORCE AT STATION F6.2,SSX)
3033 FOR MAT (4HTMOM, A3,13X,29HTORSIONAL MOMENT AT STATIONF6.2,SSX)I
3034 PORMAT64HVMOM, A3,13X,2SHVERT. BEND. MOM. AT STATION,FG.2,5SX)
3035 FORMAT(4HMMOM, A3,131,2SHHORIZ. BEND. MOM. AT STATION,FG.2,SSX)
100 CONTINUE

RETURNI

C DECK RVSLAT
SUBROUTINE RVSLAT (VCG,MOTLG,MDTL)I
CUMPLEX MOTLO(S) ,NOTL(3)

MOTL (1) =MOTLO (1) + VCG*MOTLG(2)
MOTL (2) = MOTLO (2) 5
RETURN
END

C DECK SEEDDY
SUBROUTINE SEEDDY

COMMON /APPEND/ NBKSETNBKSTN(2) ,BKIMAGC2) ,BKFS(2) ,BKAS(2),
2 8KWD(2) ,BKSTN(1O,2).BKHB(10,2),BKLNTH BKWDTH,
2 BKWL(lO 2),BKAN(1O,2¾,NSXSET,SKIMAG(25..SKFLS(2).SKALS(2),
2 SKAUS 2 fSKB(2) SKFLWL(2) ,SKALWL(2) ,SKAUWL(2) ,NPDSET,RDIMAG(2)

RURF (2) ,RRAS(25 RDRHB (2) RDRFWL (2 RRW 2 R-.TFS(2),RDTAS(25I
2 RDTHB(2) RDTFWL(25 RDTAWL(2) NSBSET.SBIMAG(2),SOBRFS(2),SOBRAS(25
2. SOBRMB(2 5,SOBRFW(25 ,SOBRAW(25,SIBRFS(2),SIBRAS(2),SIBRHB(2),
2 SIBRFW(2) SIBRAW(2),SBTFS(2),SBTAS(2LSBTHB(2)PSBTFWL(2),
2 SBTAWL(2) ,NFNSET,PNIMAG(2) ,FNRFS(2) ,FNRAS(2),
2FNRHB(2) FNRFWL(2) FNRAWL(2) ,FNTFS(2) ,FNTAS(2) .PNTEB(2),I

2 FNTFWL(25 ,FITAWL(2 ,NEXPRD,ENRDO(8) ,ENRDS(8)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAXJV,SINMV.COSMUWTSI,
2 IMMIN ,IMMAX,IMDEL,LMIN ,LMAX
REAL SIGMIN,SIGMAX,VPSINMU,COSMU,WTSI(4)
INTEGER ISIGMA ,IMMIN, IMMAX *INDEL,*LMIN,LMAX

COMMON /ENVIOR/ VK,NVKMUNMU,OMEGA.NOMEGA.SIGMANSIGMA.SIGWH,
1 NSICWH.TMODALINTMOD,NRANGRANG.RLANG,S.NNMU.FRNUM,VFSa
INTEGER EVK,NMU,NOMEGANSIGMA,NSIGWH,NTMODNRANG.NNMU(8)
REAL VK(8),,MU(37,8) ,OMEGA(30),SIGMA(1O) SIGWH(4),TMOOAL(8),

2 RiNiG() a nnn ,Z(3 ,e) rNrum(o).F(
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COMMON /PHYSCO/ 1I,TPI,PI,PIOT,DEGRAD,RADDEG,VXMETR,METRVK,GRAV,

2 RliO,GNU,RHOSRHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI ,PI,PIOT,DEGRAD,RADDEGVKMETRMETRVX,GRAV,RHO,GNU,RHOS,

I RHOF,GNUS,GNUF,FTMETR
COMMON /RLDBK/ PSUR(25) ,BMK(26) ,DK(2~) ,CAK(25) ,HEQ,HSPAN,HMNCHD,

2 HAREA,HXCP,HYCP HZCP HGAMMA HYHAT HEAR,HLCS,RQ(2),RSPAN(2),
2 RMNCHD(2).RAiREAý2),RXCP(2),RYCP(2$,RZCP(2) RGAMMA(2),RYHAT(2).I2 REAR(2),RLCS(2),SQ(2),SSPAN(2),SMNCHD(2),SAREA(2).SXCP(2),
2 SYCP(2) SZCP(2) SGANMA(2),SYlIAT() SEAR(2) SLCS(2) BQ(2)
2 BSPAN (25 ,BMNCHDt-) ,BAREA(2) ,BXCP(21,BYCP(25,BZCP(21 ,BGAMAA(2),
2 BYHAT(2),REAR(2),BLCS(2),FQ(2),FSPAN(2),FMNCHD(2),FAREA(2)I
2FXCP(2 ),FYCP(2) ,FZCP(2) .FGAMMA(2) .FYHAT(2) ,FEAR(2) FLCS(2)
2PQ(2 2) PSPAN(2 2).PMNCHD(2 2),PAREA(2,2),PXCP(2,25,PYCP(2:2),

2 PZCP(2 11) PGAMMA(2 2) PYHAT(2,2),PEAR(2,2) 'nLCS( 2)
2 STADMP(I0$,SHPDMP(10.8),ENCON,VPHI,TPHI,WMELM(4,9~ SFELM(4 9 8)
2 REELM(4,9,8) ,PEELM(4,9,6) ,FEELM(4.9,8) ,HEELM(4,9,Sý ,BEELM(4,.Q,8ý,
2 ENWM,ENSF(8,8),ENRE(8).ENPE(8),ENFE(B),E!-HE(8) ENBE(8),
2EXEMVý8,8),ENRL 8) ENPL(8) ENFL 8) ENHL(8),ENSL(8),ENBL(8),2ENSHP 8,68 RELM 4,69 ITS(2L),RI) 255.EDDY(8,*25),RGB(25)
HEAL RDBLK(2692)

DO 20 I=,RN
ENPE(IA) = 0
DO 10 IS=1,NSIGMA
SHPDMP(IS,IA) = 0I10 CONTINUE

20 CONTINUE
IF (NSBSET .EQ. 0) GO TO 100
DO 60 K=1,NSBSET
DO 60 L=1,2I ~IF (L.EQ.2 .AND. SBTHB(Y.).EQ.O.) GO TO 60
Y HAT =SQRT(PYCP(K,L)**2 + PZCP(K,L)**2)
GAMMAE = PGAMMA (K L) + 1.
ALF ATAN( ABS( ((PYCP (K L)/PZCP(K,L)) + TAN(GAMMAE*kDEGRAD))/

2 (1. -(PYCP(K L)/PZCP(K,LS)*TAN(GAMMAE*DEGRADý))
C =0.0065 4, IPLCS(K.L)**2)/(0.9*PI*PEAR(K,L))

32COX = PQ(KL)*4./(3.*Pl)*RHo*YHAT**3 * PAREA(K,L)*C*SIN(ALF)

SHPDMP(IS,IA) = SHPDMP(ISIA) + (CON*SIGMA(IS)*RANG(IA))

60 CONTINUE

DO 70 IA=1,NRANG (1A)EEM1 I)f$G)
C ALL SPFIT (SIGMA .SHPDMIA ELlI ANSG)
ENPE(I'A) =ENCON*REVAL(PEELM(1,ISIGMAIAS.WTSI)

70 CONTINUEI100 CONTINUE
RETURN
END

CDECK SBLIFT
SUBROUTINE SBLIFT

COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIHAG(2) ,BKFS(2) ,BKAS(2),
2 BKWD(2).BKSTN(10,2),BKHB(10,2),BKLNTH BKWDTH

2BKWL(10 2) BKAN(10,2),NSKSET ,SKIMAG(21,SKFLSb2),SKALS(2),
2SKAUS(25,SiHB(2) SKPFLWL(2),SKALWL(2),SKAUWL(2),NRDSET.RLD iMAG(2)

2 R.DRFS(2) ,RDRAS(25 P.DRHB(2) RDRFWL(:2) RDRtAWL(n.) RDTFS 2ý RDIT.AS(25
2 RDTHB(2) RDTFWL(25 RDTAWL(2) NSBSET,SBIMAG(2),SOBRLFS(2),SOBRAS(2$
2,SOBRIHB 2 ,SOBRtFW(25 ,SOBRAW(25',SIBRFS(2) SIBRAS(2),SIBRHB(2),
2SIBR.FW 2?,SIBRA(2) ,SBTFS(2),SBTAS(2) SBTHB(2),SBTFWL(2),

2 FNRHB(2) FNRFWL(2) FNRAWL(2) ,FNTFS(2) ,FNTAS"(2'),FNTHB(2).£2 FNTFWL(25,FNTAWL(25.NEXPRD,ENRDO(8),ENRDS(8)
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COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NONEGASIGMA,NSIGMA,SIGWH,I
I NSIGVH,TMODALNTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VFS
INTEGER NVK,NMU,NOMEGA,NSIGMA NSIGWH NTMOD,NRANG,NNMU(B)
REAL VK(8) MU(37 B),OMEGA(30),SIGMA(110) SIGWH(4).TMODAL(8),
2RANG(8),RLANG(8),S(3O.8),FRNUM(8),VFS(8~

COMMON /GEOM/ X ,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
I \ICG,GM,DELGM,NEBLA,KPITCH,KROLLKYAW,KYAWRLAWP,VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,IPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS.
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,t
2 ArAEAMXWSURF,GIRTH,FBDZV DBLWLTLCB

INTEGER NSTATN ,NOFSET(25S ,NPREHD,NPTS
CHARACTER04 TITLE(20)
REAL X(25),Y(10,25),Z(1O,25),FBDZV(8,lO),LPP,BEAM.DBLWL,TLCB,

2DRAFT,LCF,VCG,GM DELCIM,NEBLA,KPITCHi,KROLL,KYAW,KY.AWRL,AWP,VCB,

4 ASTAT(25ý,BSTAT(2Eý),MASS,DISPLM,IPITCH,IROLL,IYAW,
5 IYAWiRL,CHEAVECPITCH,CHEAPI,CROLL,AREAMX,WSURF,GlRTM(28)

COMMON /PHYSCO/ II,TPI .PI ,PIOT,DEGRAD,RADDEG,VKHETR,METRVK,GRAV,I
2 RHO,GNU,RHOS,RHOF,GNUS,G'.UF,FTMETR,PUNITS,RF.YSCL

COMPLEX 11
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRADRADDEG,VKMETR,METRVK.GRAV,RHU,GNU,RHOS,

I RHOF.GNUS,GNUF,FTMETR
COMMON /RLDBI{/ PSUR(25),BMK(26) ,DK(2ý5),CAK(25) ,HQ,HSPAN,1iMNCHD,

2 HAREA,HXCP,HYCP,HZCP,HGAMMA HYHAT BEAR HLCS RQ(2),KSPAVN(),
2 RMNCHD(2),RAREA(2),RXCP(2),P.YC.P'25,RZCP(2),RGAMMA(2),RY14AT(2),
2REAR 2),RLCS 2 ,sQ(2),SSPAN(2),SMNCHD(2),SAREA(2) SXCP(2),
2SYCP(2) SZCP(2) SGAMMA(2).SHkAT(2) SEAR(2) SLCS(25,BQ(2),

2 BSPAN(25 ,BMNCHD(2),BAREA(2),BXCP(25,BYCP(2i BZCP(2).BGAMMA(2),
2 BYHAT(2) ,BEAR(2),BLCS(2) FQ(2) FSPAN(2),FPNCHD(2) FiREAý2),
2 FXCP(2),FYCP(12).FZCP(2).FGAMMAý2),FYHAT(2),FEAR(2S,FLCS 2),I
2PQ(2 2) PSPAN(2.2LPMNCHD(2 2) PAREA(2,2) PXCP(2,2 pycv'2,2),
2 PICPt2 2) PGAMMA(2' 2),PYHATý2,2),PEAR(2,2S PLCS(2 2~,
2 STADMP(105,SHPDMP(10,8),ENCON,WPHI,TPHI,WMPLM(4 95 SPELM(4,9,8),
2 REELM(4,9 8) PER-LM(4,9,8),FEELM(4,9,8) .HEELM(4 , 68i,BEELM(4,9,8),
n ENWM,ENSFt8,8),ENRE(8),ENPE(8),ENFE(8) .ENHE(k8),ENBE(8),
2 ENEMV (8,8) ,ENRL(8),ENPL(8) ENFL(8) ENHL(8) ENSL(8) ENBL(8) *
2 ENSHP (8,8) RELM (4,9) ,ITS(2&).RD(255 ,EDDY(8,25),RGBý26)

REAL RDELK2692)
EQUIVALENCE (PSUR(l) .RDBLK(1))

REAL LCS,MCHOR.D

IF (NSBSET .EQ. 0) GO TO 60
EN =0
STASPC = LPP/20I

DO 40 L=1,2
IF (L.EQ.2 AND. SBTHB(K).EQ.0.) GO TO 40
IF (L.EQ. 2) GO TO 20

* outer brackets

XRTF cLCB - SOBRFS (K)*STASPC
XRTA = LCB - SOBRAS K *STASPC
XTPF = LCB - SBTFS K *STASPC
XTPA = LCB - SBTAS K *STASPC
YRT SOBREB(K)
YTP SBTHB (K)
ZRT = SOBRFW(K + SOBRAW(K /2 - (DBLWL+VCG)

ZTP (SBTFWL K + SBTAWL(K /2 - (DBLWL+VCG)

* inner bracket3

XRYTI2 LC - SBFcT(K)*TASPC

IRTA LCB - SIBRAS(K)*STASPC
YRT SIBRHB(K)I
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3 ZRT =(SIBREW(K) + SIBRAW(K))/2 - (DELWL+VCG)
30 CONTINUE

RCHORD zXRTF - ZETA
TCHORD =XTPF - XIPA
SPAN SQRT((ZRT-ZTP)**2 + (YTP-YRT)**2)I Q= CHORD O .&A((IRTP-XRTA) + (XTPF-XTPA))

* area.

I fREA = SPAN*MCHORD

* center of pressureftZP = O.5* R+ZP
YP =0.5* (YT + YTP)
NO =C.5'(XETF + XT??')
XCP N O - 0.25*MCHORD
YcP =Y'p
ZCP = 2.P

moment arNi

ARC (ZRT-ZTP) / SPANI GAMMA =- 90
IF (ARC .LT. 1) GAMMA -ASIN(ARG)*RADDEG

IF (L -EQ. 1) GAMMA =-GAMMA
GAM GAMNA*DEGRAD3YHAT YCP*COS(GAM) + ZCP*SIN(GAM)

* effective aspect ratio

* EAR 2*SPAN/MCHORD

3 * 1lift curve slope

LCS = 2*PI
PQ(K.L') = Q
PSPAN(K.L) =SPAN
PMNCHD(K,L) =MCHORDI ~PAEEA(K,L) == AREA

PYCP(:L =YCPIPZCP(K L)=ZCP
PGAMMA(KL) =GAMMA
PYHAT(KL) = YHAT

PEARK K;L= EAR
EN = EN + Q*(RHO/2)*AREA*LCS*YRAT*yHAT.WPHI*ENCON

4O CONTINUE
60 CONTINUE

DO 70 IV=1,NVKI ENP(IV)IF (NSBSET .GT. 0) ENPL(IV) =EN*VFS(IV)
70 CONTINUE

RETURN

END
C DECK SCB2

SUBROUTINE SCB2 (DELEDO, B2,*PI,* LCE)I * This routine pro-computes the shortcrested weighting
* constants, B2, for variable spreading angles.
* U.G.MEYERS, DTNSRDC, 07977

INTEGER DELHDG
DIMENSION B2(NLCB)

N = i80/(2*DELHDG)I COll = 1./N



CON2 PI/(2*N)3

DO 10 K=1,NLCH
1=1+1I
COSI =COS(I*CON2)
B2(K) = CON1*COSIi'COSIU

RETURN
END

C DECK SECTI
SUBROUTINE SECTi

*determines section type (175K) and bilge radius (RDK)
* 17K =1 bow sections - narrow v or uU
* 17K =2 full sect ions

ITS7K = 3 shallow v or ui (dtstroyer stern)
W ITSK = 4 very rounded destroyer midship section - no eddymaking

COMMON /APPEND/ NBKSET,NBKSTN(2),EKIMAG(2),BXFS(2),BKAS(2),I
2 BKWD(2),BKSTN(10,2),BKHB(1O,2),BKLNTH,BKWDTH,
2 BKWL(10 2) IIAN(10,2),NSKSET,SKIMAG(2) SKFLS(2),SKALS(2),
2SKAUS(2ýSSKHB(2) SKFLWL(2).SKALWL(2).SKAUWL(2),14RDSET.RDINAG(2n),
2RDRFS (2?,RDRAS(2$ RDRHB(2),RDRPWL(2),RDRAWL(2),RDTFS('2),RDTAS(2).
2ROTHE 2) RDTFWL(21 RDTAWL(2) NSBSET.SBIMAG(2).SOHRFS(2),SOBRAS(21  I
2 ,SOBRHB(2$ ,SOBRFW(2$ ,SOBRAW(25 .SIBRFS(2) ,SIBRAS(2-).SIBRtiB(2).
2 SIBRFW(2) ,SIBIRAW(2ý),SBTFS(2),SBTAS(2).,SBTHB(2),SBTFWL(2),
2 SBTAWL (2) NFHSETFN1MAG(2),FNRFS(2) FNRAS(2),
2 FNRHB(2),FNRFWL(2) FNRAWL(2),FNTFS(2),rNTAs(2),FNTHB(2),

2 FNTFWL(2) ,FNTAWL(2$ ,NEXPRDPENRDO(B) ,ENRDS(8)

COMMON /DATINP/ OPTN,MOTN,HSCFIL,VLACPR.RAOPRRLDMPR,DISFLNT.
2 LRAOPR.ADRPR,ORGOPTN,GMNOM,KG,STATN(26) ,NSOFST(25),
2 NLEWF(25) HLFBTH(1O,25),WTRLNE(1O,25),BLEWF(25),TLEWF(25),

2ZPTLOC 4,105,N"BB,FBNUMB(10),FBNAME,XPTFB:D(10).YPTFBD(1O),
2ZPTFBD (10) ,rBCODE(1O),FBTYPE,RD)OT(10).VKDES.FNDES,
2STATNM.STATIS
CHARACTERo4 PTNAME(8,1O),FBNAME(8,10).STATNM(S),FBTYPEC3,10)I
INTEGER OPTN*MOTN,BSCFIL,VLACPR,RAOPR,ADRPRRLDMPR,FDCOOE,

2 FENUNE *PTNUMB ,ORG OTN
REAL KG
COMMON /GEOM/ XNSTATN.Y.,ZNOFSETLPPBEAM,DRAFT,LCFP

1 VCG.GM.DELGM,NEHLA,KPITCH,KROLL,KYAWKYAWRL,AlvP,VCB.FBDI,FBDY,
2 FBDZ,NPREBD,XPTYPT.ZPT,NPTS,LCB.GML,ASTAT,B57A7.TITLE,MASS,
2 DISPLM.IPITCH,IROLL,IYAW.IYAWRt,CHEAVE,CPITCH.CHEAI,CROLL,
2 AREAMX.WSURF,GIRTH,FBDZV DBLWL TLCB
INTEGER NSTATN .KOFSET(25S ,NFRE8DNPTSI

REAL X.(25)1.Y(10.2&).Z(i0.26--)).FBDT.V(B;1O),LPP.BEAM.DBLWL.TLCB,
2 DRAFT LCF VCG GM DELOM NEBLAKPITCH KROLL KYAW,KYAWRL,AWP,VCB,
2 FBDX(1O) FBDYt1OI,FBDZUOC).XP'T(10),YFT(105,zPr(lo).LC:B,GML,
4ASTAT(25$,BSTAT(25).MASSDISPLM,IPITCH,IROLLPJIYAW,

5 IYAURL,CHEAVE.CPITCH ,CHEAPI ,CROLLAREAMX.WSURF,GIRTHi(25)

COMMON /10/ SYSFIL POTFILCOFFIL,LCOFIL,ICARD.TEXFIL,IPRIN.
2 SCRFIL.BPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL.SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL.COFFIL.LCOF1L.ICARD.TEXFILIPRIN.
2 SCRFIL.HPLF1L,LRtAFIL.,ORGFIL,RAOFILPRMSFIL,SEVFIh,SPDPIL,
2 SPTFIL.LACFIL,LAEFIL

COMMON /RLOBK/ PSUR(25),EMK(25) ,DK(25),CAK(25)IHQPI{SPAN,HNNCHD,I
2 HAREAHICP,EYCP HZCPHGAMMAIIYHAT HEARHLCSRQ(2) RSPAN(2).
2 RMNCHD(2),RAREkt2),RXCPC2),RYCP(2$,RZCP(2),RGAMMAt2),RYHAT(2),
2 REAR(2) ,RLCS(2) .SQ(2),SSPAN(2),SMNCHD(2LSAREA(2).SXCP(2).
2 SYCP (2) SZCP (2) SGANMA(2) .SYHAT(2) SEARO') SLCS(2) BQ(2),
2BSPAN(2ý ,5MRCIID(2Ž,BARLEA(2¾EBXCP(23 .BYCPC2S.BZCP(25 ,BGAMMA(2),
2FXCP(2XFYCP(2),FZCP(2), FGAMMA2) ,FHAT(2 ,FA( FLCS(25,
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2 FQ(2,2).PSPAN(2,Z-),PHNCHD(2,2).PAREA( ',) FXCP02 n) PYCP(2,2),
2 PZGP(2Cf PGAPIHA(21,2),PYHAT(2,2),PEAR(2,2$,P-LCC;(flflS

2' REELM(4.9,8),FLN(4,9,Efl),FEEINIA4,9,8),HEELM(4.9.b),BEELM(4,9,.S),
2 ENWNNF(,), ENRE(8),ENPE(B).ENEE(b) ENHE(8)ENBE(

8)
2l ENENV(8,R ,ENRL(B) ENPL(8)ENFL 8) ENIIL(8),ENSL(8),ENBL(B),
2 £NSHp(8,8ý1,RELM(4,9Q),ITS(25ý) ,RD 25S,EDDY(8,2-5),RGB(25)

REAL RDBLK(2692)
EQUIVLENC (PSR~lRDBUK(())I DIMENSION AA(3,4).ARt(1O)

M M STATN + 1
DO 100 K=1.NSTATNI ITSK=4
RDK=1.
IF (NOPSET(K) .LT. 2) GO TO 21-)
NNODES =NOFSET(K
BLOCAL =BNK(X)I ~TLOCAL = 014(K)
ORG = TLOCAL - VCG
CAC = CAK(K
COB =ABS(ORG)/(2,*BLOCAL)U RMIN1 .E38
N NMNN NODES-i
DO 31 I=2,NNM
D0 32 J=1,3
IDX=I+3-2I ~AA(3 1)=Y(IOX.K).*2+Z(IDX,K)**2
AA (32) =ffloX,K)
AAJ (, 3) =Z(IDXK
AA(J,4)1=1.0

32 CONTINUEIA=CMINR(1 "IAA)
Br-CNINR(2,LW
CMCNINR(,3,AA)
D=-CMINR(4 ,AA)
IF (A ,.EQ. 0) GO TO 33IDY=Y(I +1 K)-Y(I-1 K1)
IF (ABSDY .EQ. 0.) GO TO 33
ZT=Z(I-1 .14 +(Z(I+1,K)-Z(I--1,K))*(Y(I,K)-Y(I-1,K))/DY
IF(ZT.LE.Z(I,K)) GO TO 33

R=SQRTlAS(YC*YC+ZC*ZC-D/A))
ARMI = R
IF (R .LT. RHIN) RMhN=R

33 CONTINUE
31 CONTINUE

ILDK= RN IN

* SERE not used (triangulaxý 5ections)

* IF (BDG.GT.O.5 .AND. BDG.LE.2.2&) ITSK 3

IF (CAC .GT. 0.65) ITSK z 4
IF (CAC .GE. 0.95) ITSK =2
IF (ODE .GE. 1.2) 11751 = I

* no eddyrnaking (TANAKA) for stations with bilgekeels

IF (NKSE.EQ. 0) GOTO4
DO 30 W1,pNBKSETU 14814= NBKSTN(I)
DO 20 3=1,NBKS
IF (.NOT.(STATN(M).EQ.BKSTN(3.I)) GO TO 20

YBK =BKHB (3.1I ZBK DKWL (3,) - DBLWL

WRITE (IPRIN,1000) BXSTN(3,I),YBK,ZBK
1000 EURNAT (/ali0.2)i
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M1=2
M2=NNM
DO 11 NN=2" NNM
IF (Z(NN,KS.LTZBK) GO TO 11
M2=NN
MI=NN-1
IF (Z(NN,K).EQ.ZBK) M2=NN+1
GO TO 12

11 CONTINUE
12 CONTINUE i

L = NNODES
DO 13 NN=2,NNM
L=L- 1
R ARL) (,Z(L,K AI
WRITE IPRIN,1OiO) Y(LK) Z ,AR(L)

1010 FORMAT (2FI0.2,1PEi2.25
13 CONTINUE

WRITE(IPRIN,1011) Mi,M2
1011 FORMAT (' M1, M2 = ',21S)

search for minimum radius of the bilge starting from the waterline

RHIN = AR(M2)
L = M2+1 UDO 15 NN=MI,M2

LL- I
R = AR(L)
IF (R .GT. RHIN) GO TO 17
RMIN = RI

15 CONTINUE
17 RDK = RHIN

WRITE (IPRIN,1020) RMIN 1
1020 FORMAT (BH RMIN =,1PE12.2)

ITSK = 4
GO TO 21

20 CONTINUE I30 CONTINUE
40 CONTINUE

* SERE used for sections with skegs

IF (NSKSET .EQ. 0) GO TO 60
DO 50 1=1,NSKSET
IF (STATN(M) .LE. SKAUS(I) AND. STATN(M) .GE. SKFLS(I)) ITSK 3

SO CONTINUE
60 CONTINUE
21 CONTINUE

RLD(K)"RflK
ITS(K)=ITSK

100 CONTINUE 1
RETURN
END

C DECK SERAB
SUBROUTINE SERAB (K,ROLANG,BLOCAL,TLOCAL,DRG,RD ,EDDY,RGB)I

EXTERNAL EXP
" calculates eddy-making roll dam ing data for TANAKA series A and B I
"* REF- TANAKA, J. ZOSEN KIOKAI, VEL. 109, 1961

RGB SQRT(ORG*ORG + BLOCAL*BLOCAL) - RD*(SQRT(2.)-1.)
BDG = 2.*BLOCAL/ABS(ORG)
C = FIGS6(ROLANG,BDG)*EXP(-FIG7(ROLANG)*RD/ABS(TLOCAL))
C = C*FTWO(K.TLOCAL,RD)
EDDY = C
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RETURN
END

C DECK SERD
SUBROUTINE SERD (KJROLANG,BLOCAL,TLOCAL,ORG,EDDYRGB)

EXTERNAL EXP

"* calculates eddy-making roll damping data for TANAKA series D
"* REF- TANAKA, J. ZOSEN KIOKAI, VOL. 109, 1961

ROB =ABS(ORG)
IF (BLOCAL .LE. 0.) C = 0.63
IF (BLOCAL .LE. 0.) GO TO 10
GDE = RGB/(2.*BLOCAL)
REQ = FIG1O(GDB)*BLOCAL
EDOG = 1.10DB
C =FICG6(ROLANG,BDG)*EXP(-F107(ROLANG)*REQ/ABS(TLOCAL))

10 CONTINUE
C = C*FTWO(K1 TLOCAL,REQ)
EDDY = C

RETURN
END

C DECK SERE
SUBROUTINE SERE (BLOCAL ,ORG ,EDDY ,RGB)

"* calculates eddy-making roll damping data for TANAKA series E
"* REP- TANAKA, J. ZOSEN KIOKAI, VOL. 109, 1961

ROB = ABS(ORG)
EDO 2.*BLOCAL/ABS(ORG)
C FIGII(BDG)
EDDY = C

RETURN
END

C DECK SETSEV
SUBROUTINE SETSEV (NSVRSP,LSVRSP)

COMMON /RESPN/ NRESP,IPOINT(1B2),INOTN(182) ,ITYPE(182).
2 ILIN(182),ISYK(182)

LOGICAL ILIN,ISYH

DIMENSION LSVRSP(NSVRSP)

DO 160 LR=1,NSVRSP
DO 140 IR=lNRESP
IP = IPOINT(IR)
IN = IMDTN(IR)
IT = ITYPE(IR)
GO TO (1O,2O,30,4.0,5O,6O,70,B0,9O,10O,110,120,i30) ,LR

10 IF (.NOT. (IP.EQ.0 AND. IM.EQ.3 .AND. IT.EQ.1)) GO TO 140

* heave
GO TO 150

20 IF (.IOT. (IP.EQ.O .AND. IM.EQ.5 .AND. IT.EQ.1)) GO TO 140

It pitch
GO TO 150

30 IF (.NOT. (IP.EQ.Q .AND. IM.EQ.2 .AND. IT.EQ.1)) GO TO 140

IF .... ~.(I' tL. R1'1f-EAO-4 ANDI. Is.nw.1)J GO TO 140



* roll3
GO TO 150

so IF (.NOT. (IP.EQ.O .AND. IM.EQ.6 .AND. IT.EQ.1)) GO TO 140

GO TO 160

60 IF (.NOT1. (IP.EQ.1 .AND. IM.EQ.3 .AND. IT.EQ.3)) GO TO 140

* vertical acceleration at point 1 (pi)3
GO TO 150

70 IF (.NOT1. (IP.EQ.1 AND. IM.EQ.2 .AND. IT.EQ.3)) GO TO 140

GO TO 1501

80 IF (.NO0T. (IP.EQ.2 AND. IM.EQ.3 .ANO. IT.EQ.3)) GO TO 140

vertical acceleration at point 2 (p2)
GO TO 150

90 IF (.NO0T. (IP.EQ.2 .AND. IM.EQ.2 .AND. IT.EQ.3)) GO TO 140

* lateral acceleration at point 2 (p2)
GO TO 150

100 IF (.NOT1. (IP.EQ.3 .AND. IM.EQ.3 .AND. IT.EQ.3)) GO TO 140

* vertical acceleration at point 3 (p3)
GO TO 150

110 IF (.NOT. (IP.EQ.3 .AND. IM.EQ.2 .AND. IT.EQ.3)) GO TO 140

* lateral acceleration at point 3 (p3)
GO TO !SO

120 IF (.NOT. (IP.EQ.4 .AND. IM.EQ.3 .AND. IT.EQ.3)) GO TO 140

* vert~cal acceleration at point 4 (p4)
GO TO 150

130 IF (.NOT. (IP.EQ.4 .AND. IM.EQ.2 .AND. IT.ECI.3)) GO TO 1401

* lateral acceleration at point 4 (p4)
GO TO 150

140 CONTINUE

160 CONTINUEI

RETURN
ENDI

C DECK SEVMOT
SUBROUTINE SEYMOT (NSVRSP ,RSPNME ,HDNG, IMODL)

COMMON /DATINP/ OPTN,MOTN ,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPR.ADRPR,ORGOPTN,GMNOM,KGSTATN(25) ,NSOFST(25),
2 NLEWF(25) HLFBTH(i0,25),WTRLNE(i0,2S).BLEWF(25¾,TLEWF(25),
2 AREALF(255,NPTLOC,PTNUMB(10),PTNAME,XPTLOC(10),YPThOC(lO),
2 ZPTLOC (10) ,NBB,FBNUMB(1O),FBNAME,XPTFBD(10),YPTFBD(IO),
2 STATNMDIO,STATIS 

ITYEDT(0,VDEND
2 ZPATFB (0),FBOE(O.FTPERO(1)VKEFD
CHARACTER*4 PTNAME(8.1OXFBNANE(8,IOXSTATNM(S) ,FBT'YPE(3,10)

INTEGER OPTI ,MOTN .BSCFIL,VLACpR.RADpR,ADRPR,RI.DMPR,FBCODE,
2FBNUMB ,PTNUMB,ORGOPTN

COMMON /ENVIOR/ VK ,NVK,MU ,NMU ,OMEGA ,NOMEGA 1SIGMA ,NSIGMA ,SIGWH,
I1QlW84MUUAL,fliRUu,BNFhAfG, RANG, RLANu,amV'nnnU p ET-.

tU",'"S
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INTEGER NVK,NMU,NOMEGA,NSIGMANSIGNII,NTMOD,NRANG,NNMU(8)
REAL VlK(8),MU( 37,8),OMEGA(30),SIGMA(10) S1GWH(4),TMODAL(8),

2 RANG(8) JELANG (a),s(3o.8),PRNuM(a).vrs(8ý

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAPT,LCF,
I VCG,GM,DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRL,AWP,VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPIT0H,CHEAPI,CROLL,
2 AREAMX ,WSURF,GIRTH ,FBDZV DHLWL,TLCH
INTEGER NSTATN ,NOFSET(25$ ,NFREBD,NPTSI CHARACTER*4 TITLE(20)
REAL X(25),Y(10,25),Z(1O,25),1'BDZV(8,10),LPP,HEAM,DHLWL,TLCB,

2 DRAFTLCFVCGGM DELOM NESLAKPITCH ]KROLL KYAW,KYAWRL,AWPVCH,
2 FBDX(1O) FBDY(105,FBDZ(10).XPT(1OLYýPT(105,ZPT(1OLLCB,GML,
4 ASTAT(25S ,BSTAT(25) ,MASS,DISPLM,IPITCHIROLL,IYAW,

5 IYAWRL,CHEAVE.CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTE(25)

COMMON /INDEX/ PFIDX,LPFIDX,RNIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX LRMIDX LSVIDXK ~REAL PFIDX(2365 ,RMIDX(183) ,SVIDX(3)
COMMON /10/ SYSFIL,POTFIL,COPFIL,LCUFIL,ICARD,TEXFIL,IPRIN,

2 SCRFIL,HPLFIL ,LRAFIL,ORGPIL,RAOFIL,RMSFIL ,SEVFIL ,SPDFIL,
2 SPTFIL ,LACFIL ,LAEFILIINTEGER SYSFIL,POTPIL,COFFIL,LCOFIL,ICARD.TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RADFIL,RMSPIL,SEVPIL,SPDFIL,
2 SPTFIL,LACPIL,LAEFIL

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,I ~2 RHO ,GNU ,RHOS ,RHOF ,GNUS ,GNIJF,FTMETR,PUNITS .REYSCL
COMPLEX 11
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAVRHO,GNU,RHOS,

1 RHOF,GNUS ,GNUF,FTNETR

COMMON /SEVERE/ NRSIND,RSINDXNSWIND SWINDX,RLSVTOE,RV,RH
REAL RSINDX(14) ,SWINDX(S) ,RSVTOE(4025
INTEGER RV(13),RH(13)

2SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLESOPTION,LSIS,LSOS,
COMO /SMPSS/ FISSE,ASR,SIODALSDVPNSMPPS,LSMPIS,LSPSLMDSPYS

CHARACTER'460 AS

CHArtACTER*8O FIS,S IS, SOS ,SDS ,TITLES
CHARACTER*20 HALOS ,DEV ,PRN ,SMPPS,SMPIS ,SMPOS ,SMPDS,SHPTYPS
CHARACTER SHIPS*6 ,VARS*2 ,CYCLS*2
INTEGER*2 OPTIONI DIMENSION RSV(13,13),TOE(13 13) TEMV(13),TEMH(13),TEMR(13),

2 TEMT(13),LSaVRSP(13),RDN-G(2ý45,IMODL(4)
CHARACTER*4 RSPNME(2.13)
INTEGER TENTI CHARACTER*4 METER
DATA METER /'METE'/
DATA LSVRSP /2,4,1,3,5,7,6,9,8,11,10,13,12/

OPEN (UNIT=SEVFIL,FILE=FIS,STATUS'IUNKNOWN',

2 ACCESS='DIRECT' ,RECL=1620)

NHEAD = 24
N1 KNEAD + i
EDATA = 2 + N1*NVK*2
DO BOO IC=1,2
DO 400 IS=1,NSIGWEILT =INODLCIS)
DO 300 1R=1,NSVRSP
DO 200 JRflNSVRSF
LR =LSVRSP(JR)
INDEX = NSIGWH * NSVRSP *(IC - i) + NSIGWH *(LR -1) +IS
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READ (SEVFIL,REC=INDEX) RSVTOE

*CDC CALL FETCH (IC,LR,IS RSVTOESVIDX,RSINDX,SWINDX,NDATA,LSVIDX,
*CDC 2 NSVRSP.NSIGWH,SEVFILS

IF (IR .GT. 1) G0 TO 10I
RV (IR) RSVTOE (1) + .001
RH (JR) RSVTOE(2)+ .001

10 IF (JR .GT. 1) GO TO 20
IV R= WIR)
IH =RH (IR)

20 IE =3 + (IH-1)*2 + (IV-1)*NHEAD*2
RSV(JRIR) = RSVTOE (IE)
TOE (JRIR) = RSVTOE (IE+1)

200 CONTINUE
300 CONTINUEI

WRITE (IPRIN.1000) TITLE
1000 FORMAT (IHi /,28X,20A4,///,48X,28HS E V E R E M 0 T I 0 N

2 9HT A B L E
IF ýIC .EQ. 1) WRITE (IPRIN 10iO
IF IC .E . 2) WRITE (IPRIN,1020)

1010 FORMAT (,60X,11HLONGCRESTED)
1020 FORMAT I/60X, 12RSHORTCRESTED)

IF (PUNITS(1) FE. METER) WRITE (IPRIN,1o30) SIGWH(IS)
IF (PUNITS(1) .EQ. METER) WRITE (IPRIN,1040) SIGWH(IS)

1030 FORMAT (/,42X,37HSEA STATE: SIGNIFICANT WAVE HEIGHT =
2 ,F6.2,7H FEET )

1040 FORMAT (/,42X,37HSEA STATE: SIGNIFICANT WAVE HE:GHT=
2 ,F6.2,7H METERS)
WRITE (IPRIN,lo5o) TMODAL(LT)

1050 FORMAT (54X,19HMODAL WAVE PERIOD =,F4.0,BH SECONDS)I
IF (NSVRSP .EQ. 5) GO TO 60
NP =NSVRSP - S
NP = NP / 2
WRITE (IPRTN,1026)I

1025 FORMAT (//,641.16HPOINT LOCATIONS:)
DO SO IP=l,NP
WRITE (IPRIN,1026) IP,(PTNAME(I,IPLI1=1,BLXPTLOC(IP).

2 YPTLOC(IP),ZPTLOC(IP)
1026 FORMAT (22X,1HP,I1,3H- SBAI,2X,SHXFP =,F7.2,2X,SHYCL =,F7.2,2X,I

2 SHZBL =,F7.2)
50 CONTINUE
60 CONTINUE

WRITE (IPRIN,1055) (STATNM(I) ,I=1,3)
1055 FORMAT (/,40X,3A4 39H VALUE / ENCOUNTERED MODAL PERIOD (TOE))I

WRITE (IPRIN,10605 C(RSPNME(IIR),Iz1,2),IR=1.NSVRSP)
1060 FORMAT (/,481,32HMAXIMUM RESPONSES AND CONDITIONS],/,IX

2 130(1H-),//,14H RESPONSE .13(4X,A4,Al))

DO 310 IR=1,NSVRSP

TV(IR) = VK(IV)I
TEH IR) = HDNG(IH)

TEMR IR) = RSV(IR,IR)
IF (IR .GT. 6) TEMRCIR) = TEHR(IR) * 1001
TEMT(IR) = TOE(IR,IR)
IF (TEMT(IR) .GE. 99) TEHT(IR) = 99

310 CONTINUE
WRITE (IPRIN, 1070) (TEMR(IR) ,TEMT(IR) ,IR=i,NSVRSP)I

1070 FORMAT (/,14k (MAX.RSv)/TOE 13(1XFS.2,1 H/,12))
WRITE (IPRIN,1080) (TEMVCIR3 ,IR=1',NSV'RSP)

IOBO FORMAT (17H AT SPEED (KNOTS), F6.1,12F9. 1)
WRITE (IPRIN,1090) (TEMHCIR) ,IR=1,NSVRSP)

1090 FORMAT (17H AT HEADING (DEG), F6.0,12F9.0)
WRITE CIPRIN,i100) ((RLSPNME(I,JR),I=1,2).JR=1,NSVRSP)

1100 FORMAT (//,54X,2OHASSOCIATED RESPONSES,/,1X,130(1H-) ./
2 lEE MAX. SPEED 1,/,15H RESPN. HEADING,31,A4,A1,12(4X,A4,A1))

WRITE (IPRIN,lla.0)
1110 FORMAT (IX)

IV =RV IRýIH RH I



MV = VK(IV) + .001
NH =HDNG(IH) + .001
IF (IR.EQ.6 .OR. IR.EQ.8 .OR. IR.EQ.10 .OR. IR.EQ.12)

2 WRITE (lPRIN,1110)
D0 320 JR=1,NSVRSP
TEMR(JR) = RSV(JRIR)
IF (JR .GT. 6) TEMR(JR) = TEMR(JR) * 100
TEmr(JR) =TOE(JR.IR)
IF (TEMT(JR) .GE. 99) TENT(JR) =99

320 CONTINUE
WRITE (IPRIN,1120) (RSPNME(I,IR),I=1,2),MV,MH,(TEMR(JR),TENT(JR),

2 JR=1,NSVRSP)
1120 FORMAT (1X,A4,A1,2X,12,1H/,13, 13(F6.2.1H/ý,12))
330 CONTINUE

WRITE (IPRIN,1130)
1130 FORMAT (//,2X,42HNOTES: 1) RESPONSES ARE IN PHYSICAL UNITS:;,1

2 221,SOHHEAVE AND SWAY ARE IN WAVE HEIGHT UNITS; PITCH,,
2 2QHROLL, AND YAW ARE IN DEGREES: ,/,22X,23HAND THE POINT VERTICAL,
2 S3HAND LATERAL ACCELERATIONS ARE IN UNITS OF G-S * 100.)
WRITE (IPRIN,1140)

1140 FORMAT (9X,51H2) POINT LOCATIONS: XFP IS IN STATION NUMBERS;
2 ,37HYCL AND ZEL ARE IN WAVE HEIGHT UNITS.)

WRITE (IPRIN,11S0)
1150 FORMAT(9X,52N3) HEADING CONVENTION: 0 DEG=HEAD, 90 DEO=STBD BEAN,

, 24H 180 DEG=FOLLOWING SEAS.)
400 CONTINUE
600 CONTINUE

CLOSE (UNIT=SEVFIL)

RETURN
END

C DECK SKFRSP£ FUNCTION SKFRSP (WE,LPP,V,SFD)

REAL LPP

SKFRSP =SFD*(1. + 4.1*VI(WE*LPP))

RETURN

ENT)

CDECK SKLIF'T
SUBROUTINE SKLIFT

COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIMAG(2) ,BKFS(2) ,BKAS(2),
2 BKWD(2),BKSTfN(10,2).BKHBCIO,2),BKLNTH BEWOTHI2 BKWL(1O 2),BKAN(UC,2),NSKSETSKIMAG(2$,SKFLS 2),SKALSC2),
2 SKAUS (25;SKHB(2) SKFLWL( 2~SKALWfLý2~,SKAUWL(2):NRDSETRIMAG(2)2d RDF()RS( 2 5 _ B( ,RDRAWL 2 pDAL2,DF(7'DA(ý

2 RDTHB(2) RDTFWL(25 RDTAWL(2) NSBSEI SBIgAb(2),SO8RFS(2jSOaRAS(2)
2,SOBRHB (2$ ,SOBR.FW(2$ ,SOBRAW(25,SIBRFS(2).SIBRAS(2),SIBRLHB(2),I ~2 SIBRFW(2),SIBRAW(2) SBTFS(2),SBTAS(2),SBTHB(2),SBTFWL(2),
2 SBTAWL(2) ,NFNSET,FNIKAG(2) ,FNRFS(2) ,FNRAS(2),
2 FNRHB(2) FNRFWL(2) FNRAWL(2) ,FNTFS(2) ,FNTAS(2) ,FNTHE(2),
2 FNTFWLC2S ,FNTAWL(2$ ,NEXPRD,ENRDO(8) , ENRDS(8)I ~COMMON /ENVIOR/ UK ,NVK DMU,NMU,OMEGA,NOMEGA ,SIGMA ,NSIGMAJSIGWH,
1 NSIGWHTMODAL,NTNOD,NRANG,RANG,RLANG,S,NNMU,FRNIJM,VFS
INTEGER NVK,NMUNOMEGA,NSIGMANSIGWH,NTMODNRANO,NNMU(8)
REAL VK(8),MU(37,8),OMEGA(30),SIGMA(10) SIGWH(4¾TN`GDAL(B),

2 RANG(B) ,RLANG (8) ,S(30,8),FRNUM(8) ,VFSC8S

COMMON /GEON/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
I VCG,GM ,DELGM,NEBLA ,KPITCH,KROLL,KYAW ,KYAWRL,AWP ,VCB YýBDX FEDY,
2 FBDZ,NFREBD,XPT.YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TTTLE4IASS,I2 DISPLM,IPITCH,IROLL,IYAW,IYAWRLL,CHEAVE,CPITCH,CHEAPI.CRL)oLL,
2 AREAMX,WSUEF,GIRTHFBDZV DBLWLTLCB
INTEGER USTATNI wnfFST(2655NFREBD ,NPTS
CHARACTER*4 TItLE(20)3 REAL X(26),Y(±O,26),Z(1O,2S¾,FBDZV(8,10),LPP,BEAM,DBLWL,'.LCB,
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2 DRAFTLCPVCGGM DELGM.INEBLAKPITCHKROLLJKYAW, KYAWRL,AWP,VCI3.
2 FBDX(1O) FBDY(1O5,FBDZ(1OL.XPT(10),YPT(1OLZPT(1O),LCB,GML,
4 ASTAT(25S ,BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,
S IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMXAJSURP,GIRTH(25)

COMMON /PHYSCO/ II,TPI,PI,PIOT,DECRAD,RADDEG,VKMETR,NETRVK,GRAV,
2 RHO,GNU.RHOS,RHOF,GNUS,GNUF,FTMETR,PUNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI,PIPIOTDEGRAD,RADDEG,VKMETR,METRVKPGRAV.RHO,GNU,RHOS,

1 RHOF,GNUS,GNUF,P-THETR
COMMON /RLDBK/ PSIJR(25).BMK(25).DK(2SLCAK(25) ,HQ,HSPAN,HMNCHD,

2 HAREA,HXCP,HYCP,HZCP,HGAMMA,HYHAT HEAR HLCS,RQ(2),RSPAN(2),
2 RMNCUD(2) PRAREA(2) RXCP(2) ,RYCP(25 ,RZCP (2) ,RCAMMA(2) .RYHAT(2).
2 REAR'(2),RLCS(2),S&ý2),SSPAN(2),SMNCHD(2).SAREA(2),SXCP(2),I
2 SYCP(2) SZCP(2),SGAMMA(2),SYHAT(2) SEAR(2),sLCs(2) Bq(2),
2 BSPAN(23 ,BMNCHD(2),BAREA(2),BXCP(25,BYCP(2¾,BZCP(25,EGAMMA(2),
2 BYHAT(2) ,EEAR(2),BLCS(2),FQ(2),FSPAN(2),FMNCHD(2) FAREA(2),
2 FXCP2) .FYCP(2LFZCP(2),FGAMMA(2),FYHAT(2),FEAR(25?FLCS(2),
2 PQ(2,2) ,PSPAN(2,2),PMNCHD(2,2),PAREA(2,2) PXCP(2 2) PYCP(2,2),a
2 PZCP(2.2),PGAMMA(2,2),PYHAT(2.2),PEAR(2,,25,PLCS(2,25,
2 STAOMP(1O),SHPDMP(10,8),ENCONWPHITPHI.WMELM(4,9) SFELM(4,9 8)
2 REELM(4,9,8),PEELM(4.9,8),FEELM(4.9q,8),HEELM(4,9.8S,BEELM(4,9,85,
2 ENWM,ENSF(8,8),ENRE(8).ENPE(8).ENFE(8),ENHE(8),ENI3E(8),I
2: ENEMV(8,0O(ENRL(8),ENPL(8) ENFL(8) ENHL(8),ENSLT(8),ENBL(8),

R EALP(8 RELM(4,9),ITS(25¾,Rf (255S,EDDY(8,25),RGB(25)
EqUIVALENCE (PSUR(1) ,RDBLK(1))

REAL LCS,MCHORDI

IF (NSKSET E.2 0) G0 TO 20
EN =0
STASPC = LPP/20£
DO 10 K=1,NSKSET
XSKP LCB -SKFLS(K)*STASPC

XSKAU =LCB -SKAUS(K)*STASPC

XSKAL =LCB -SKALS(K)*STASPC

YSKO SKIIB(K)I
ZSKF =SKFLWL(K) -(DHLWL+VCG)

ZSKAU = SKAUWL K - (DBLWL+VCG)
ZSKAL = SKALUL K - DBLWL+VCG)
Q =SKIMACCE)
GAMMA = - 90I

* a::OwD = (XSK!' - XSKAL)/2a

AREA = SPAN*MCHORD

* center of pressure

XCP =ISKAL + (XSK!' - XSKAL)/3I
YOP = YSKG
ZOP = ZSKF + (ZSKAU - ZSKF)/6

* moment arm5

GAM = GAMMA*DEGRAD
YHAT = YCP*COS(GAM) + ZOP*SIN(GAM)

* effective aspect ratioI

EAR =2*SPAN/HOHORD

* lift curve slope1

LOS = (PI/2)*EAR
SQCK) =Q
S S P A N ( K ) =S P A N1 
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SMNCHD(K) = MOHORD
SAREA(KW AREA
SXCP(K) = XCP
SYCP (K)= YCP
SZCP (K) = ZCP
SGAMMA(K) =GAMMA
SYHAT(K) YHAT
SEAR(K) =EAR
SLCS(K) = LCS
EN - EN + Q*(RRO/2)*AREA*LCS*YHAT*YHAT*WPHI*ENCON

10 CONTINUE
20 CONTINUE

DOU 30 1V=1,NVK
ENSL(IV) =0
IF (NSKSET .GT. 0) ENSL(IV) =EN*VFS(IV)

30 CONTINUE

RETURN
END

C DECK SKNFRC
SUBROUTINE SKNFRC

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMUJ,WTSI,
2 IMMIN ,IMMAX,IMDEL,LMINILMAX
REAL SIGMIN.SIGMAX,V.SINMU,COSMU,WTSI(4)
INTEGER ISIGMA, IMMIN ,IMMAX ,IMOEL,LMIN ,LMAX

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMASIGWH,
1 NSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,s,NNMU,FRNUM,VFs
INTEGER NVK,NMU,NOMEGANSIGMANSIGWH,NTMODNRANG NNNU(8)
REAL VX(8) .MU(37,8) ,OMEGA(30) ,SIGMA(1O) SIGWH(4) ,TMGDAL(8),

2 RANG(S) ,RLANG(B) .5(30.8) PFRNUM(8),VFS(8S

COMMON /GEOM/ X ,NSTATN ,Y ,Z ,NFSET ,LPP ,BEAM ,DRAFT ,LCF,
1 VCG.C-M,DELCGM.NEBLA,KPITCH.KRC1T,.,KYAW,KYAWRL.AWP.VCBFBDX.FBDY,
2 FBDZ,NFREBD,XPT.YPT,ZPT,NPTS.LCB,GMLASTAT,BSTAT,TITLEyMASS,
2 DISPLM,IPITCH.IROLL,IYAU.IYAWRL.CHEAVEPCPITCH,CKEAPI,CROLL,
2 AREAMX ,WSURFGIRTH,FBDZV DBLWL,TLCB

INTEGER NSTATN .NOFSET(2655,NFRE-BD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25).Y(lo.2&),z(1o,2s),rBDzv(8,lo),LPP,BEAMDBLWL,TLCB,

2 DRAFTLCF VCG GM DELGMNEBLA .KPITCBKROLL KYAW ,KYAWRL,AWP,VCB,
2 FEDX(10) FBDYUOSj,FBDZ(1O),XPT(10),YPT(105,zPT('10),LCB,GML,
4 ASTAT(255,BSTAT(28),MASS,DISPLM,IPITCH,IROLL,IYAW,
5 IYAWRL,CHEAVE,CPITCH ,CHEAPI ,CROLL,AREAMX,WSURF ,GIRTB(25)

COMMON /PRYSCO/ II ,TPI ,PI ,PIOT,DEGRAD ,RADDEG.VKMETR,METRVK,GRAY,
2 RHOGNU.RHOS,RHOF.GNUS,GNUF,FTMETR.PUNITS.REYSCL

COMPLEX II
CHARACTER"'4 PUNITS(2)
REAL TPI,PIPPIOT.DEGRAD,R-ADDEG,VKMETRYMETRVK.GRAV,RHO,GNU.RBOS,

I RHOFGNUS,GNUFFTMETR

COMMON /RtLDBKI PSURC2S) ,EMK(25) .DK(25) *CAK(28) ,HQ,HSPAN,HMNCHD,
2 NAREA,HXCPEYCP HZCP,HGAMMA HYHAT HEAR.HLCS,RQ(2) RSPAN(2),
2 RMNCHD(2).RAREAt2).RICPC2).RYCPC25.RZCP(2).RGANMAt2),RYE.AT(2),
2 REAR(2) ,RLCS (2),SQ(2).SSPAN(2),SMNCHD(2R),SAREA(2) SXCP(2),
2 SYCP (2) SZCP (2) SGANMA(2) SYHAT(2) SEAR(2) SLCS(21 BQ(2),
2 BSPAN (2ý,BMNCHDC2),BAREA(2.)IBXCP(25,BYCP(25,BCP(2S,BGAMMA(2),
2 EYHAT(2),BEARC2),BLCS(2) FQ(2) FSPAN(2).FMNCHD(2) FAREA (2),
2 FXCP(2),FYCP(2),FZCPC2),FGAMMW2),FYHAT(2),FEAR(2S FLCS (2),
2 PQ(2 2),PSPANC2,2).PMNCHD(2 2) PAREAC'2,2) PXCP(2,25 PYCP(2,2),
2 PZCRt2 2) PGAMMA(2,2).PYHATt2,2),PEAR(2.25,PLCS(2 25,
2 STADMPUOS5.SHPDMP(10.8),ENCON.WPHI,TPHI,WMELM(4,9I SFELM(4,9.8),
2 REELM(4,9.8),PEELM(4,9,8),FEELM(4,9 8) HEELM(4,9 85 BEELM(4,9,B),
2 EHWM,ENSF(8,8) ,ENRE(8) ,ENPE(8) ,ENFEtS) .ENHE(8) ,ENBEC8),
2 ENEMV (8,8) ,ENRL(8),ENPL(8LENFL(8) ENHL(S) ENSL(8) ENBL(8),I 2 ENSHP (8.8) RELM(4,9), ITS(2&),RD(2&5,EDDY(8:26),RGBt2&)

REAL RflBLW2692)
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DATA RNT/3.ES/I

DO 10 1A1I,NRANG
Do 10 IS=1,NSIGMA
SHPDMP(IS,IA) =0

10 CONTINUEI
DO 40 I@1,NSTATN
IF (NOFSET(K) LT. 2) G0 TO 40
RS = 1 ./PI*((0.88T40. 145*CAK(K))*(1.7*ABS(DK(K))+CAK(K)*2*BMK(K))

2 + 2.*VCG)

CON = 4./(3.*PI)*REO*PSUR(K)*RS**3

DO 20 IS=1,NSIGMA
PERE =TPI/SIGNA(IS)
RN = (3.22*(RS*RANG(IA))**2 / (PERE*CNU)) * REYSCL

* turbulent flow5

IF (RH .GE. RNT) CF = CF + 0.014*RN**(-0.114)
STADMP(IS) = CON*SIGMA(IS)*RANG(IA)*CF
STADMPfIS) =SIGMA(IS)*STADMP(IS)
SEPDMP 15.1k) = SHPDMP(IS,IA) + STADMP(IS)

20 CONTINUE
30 CONTINUE
40 CONTINUE

DO SO IA=1,NRANGI
CALL SPFIT (SIGMA,SHPDNP(1,IA) SFELN(1 1 IA) NSIGMA)
ENSFO =ENCDN*REVAL (SFELM(1ISIHGMAIAS .WTI
DO 45 IV=1 NVK
ENSF(IV.IA = SKFRSP (WPHI,LPP,VFS(IV),ENSFO)

45 CONTINUEI

RETURN
END

C DECK SLENTH
SUBROUTINE SLENTH CASiO)

CHARACTER*(*) AS

L=LEN (As)3
DO 10 MlI,L
K=K-1
IF (AS(K:K).NE.CHAR(32)) GO TO 20 Test for trailing blanks1

20 CONTINUE

RETURN
END

C DECK SNP93 - Standard Ship Motion Program (SMPQ3)

PROGRAM SMP933

* Standard Ship Motion Program (5MP93)
* for Personal Computers

* ~Operating sytem MS-DOS Version 4.01I
* ~FORTRAN 77 using Labey Fortran
* Overlay linking using PLINKOS

* Hull plot and Speed Polar/Densi.'ty plots3
* done in seDarate programs

* using HALO giaphics language
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COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIMAG(2) .BKFS(2),BKAS(21),
2BKWD(2),BKSTN(1O.2),BKHB(1O,2),BKLNTII,BKWDTII,
BKWL(10 2) BKAN(1O,2),NSKSET,SKIMAG(2),SKFLS(2),SKALS(2),
SK:AUS(2$,SKHE(2),SKFLWL(2) ,SKALUWL(2) ,SKAUWL(2) ,NRDSETRDIMAG(2)

2 RDRFS(2),RDRAS(25 3 EB2,RDRFWL(.2).RORAWL.(2).RDTFS(2ý),RPTAS(2S,
2 RDTHB(2) RDTFWL(25 RDTAWL(2) NSESET,SEIMAG(2).SOBRFS(ý2) ,SOBRASQ2)
2,,SOBRHB (2$ SOBRFW(2¾ SOBRAW(2$,SIBRPS(2),SIBRAS(2),SIBRHB(2),I 2 SIBRFW (2) SIHRAW2:S ,STFS(2),SBTAS(2),SBIHB(2),SBTFWL(2),
2 SBTAWL(2),NFNSETFNIMAG(2),FNRFS(2),FNRAS(2),
2 FNRMB(2) FNRFWL(2) FNRAWL(2) ,FNTFS(21) ,FNTAS(2) ,FNTHE(2),
2 FNTFWL(2$.FNTAWL(25,NEXPRD,ENR.DO(8),.ENRDS(5)I COMMON /CH3D/ ISIGMASIGMINSIGMAX,V,SINMU,COSMU,WTSI,
2 1MM IN, IMNAX, IMDE-L,LMIN ,LMAX

REAL SIGMIN,SIGMAX,V.SINMU,CDSMU,WTSI(4)
INTEGER ISIGMA,IMHIN,1MMAX,IMDEL,LMIN,LMAX
COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR RAOPR,RLDMPR,DISPLMT,

2 LRAOPR,ADRPR,ORGOPTN,GMNOMKGSTATN(25) ,NSOFST(25),
2 NLEWFC'S) HLFBTH(1O,25),WTRLNE(1O,25),BLEWF(2S),TLEWF(2E5),
2 AREALF(285,NPTLOC,PTNLIMB(10),PTNAME,XPTLOC(10) ,YPTLOC(1O).U2 ZPTLOC(1O),NBB,FBNUMB(1O),FBNAME,XPTPBD(1O).YPTFBD(1O),
2 ZPTFBD(10),FBCODE(10),FBTYPE,RDOT(10).VKDES,FNDES,
2 STATNM,STATIS
CHARACTER*4 PTNAME(8,10),PBNAME(8,1O),STATNM(S),FBTYPE(3,10)
INTEGER OPTN .MOTN ,BSCFIL,VLACPR, RAOPR, ADRPR,RL.DMPRFECODE,

2FBNUMH ,PTNUMB ,ORGOPTN
REAL KG

COMMON /ENVIOR/ VK,NVK,MU.NMU.OMECA,NOMEGA,SIGMA.NSIGMA,S1GWH,
1 NStGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,S.NNMU,FRNUM,VFSI INTEGER NVK,NMU,NOMEGA,NSICMA.NSIGWH,NTMOD.NRANG,NNMU(8)

REAL VK(8) ,MUý37.8) ,OMEGA(30) ,SIGMA(1O) SIGWH(4) .TMODAL(8),
2 RANG(68),RLANGk8).S(3O,8)SFRNUM(6G),VFS(G$

COMMON /FINCONI IACTFN,IFCLCSFGAIN(8),FK(3),FA(3),FB(3),I2 FCLCS(8,2)
COMMON IGEOM/ I.NSTATNY,Z,NOFSET,LPP,BEAM,DRAFT,LCF,

1 VCG,GM.DELGM,NEBLA,RPITCH,KROLL,KYAW,KYAWRL,AWP.VCB,FBDX,FBDY,
2 FBDZ ,NPREBD,XPT,YPT,2PT,NPTS ,LCB,GML.ASTAT.ESTAT,TITLE.MASS,I 2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCII,CHEAPI,CROLL,
2 AREAMX,WSUR.F,GIRTHFBDZV DHLWL TLCB
INTEGER NSTATNNOFSET(265 ,NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(1O,25),2(10.25),FBDZV(8.10),LPP,BEAM,DBLWL,TLCB,I2 DRAFTkLCrVCG GM DELGM NEBLAKPITCHKROLL KYAW KYAWRL,AWP,VCB,

2 FBDX(1O) FBDYC1OS.FBDZt1O),XPT(1O),YPT(10S,ZPTtlQ),LCB,GML,
4 ASTAT(255 .BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,
6 IYAWRLCHEAVE,CPITCH,CHEAPI ,CROLL,AREAMX,WSýUPFXGIRTH(25)

COMMON /HULL/ A26

COMMON IINDEX/ PFIDX ,LPFIDX ,RMIDX,LRMIDI,SVIDX ,LSVIDX
INTEGER LPFIDX LRMIDXLSVIDXI ~REAL PFIDX(2355 ,RMIDX(183) ,SVIDX(3)
COMMON /10/ SYSPIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,

2 SCRI'IL,HPLFIL,LRLAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL, LACFIL, LAEFIL
INTEGER SYSPIL,POTFIL,COFFIL,LCOFIL,ICARD.TEXFIL,IPRIN,

2 SCRFIL,EPLFIL,LRLAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFILSPDFIL,
2 SPTFIL, LACFIL, LARFIL

COMMON /LOADS/ NLOADS,SWGHT(26) ,SMASS(25) ,XL.DSTN(10) ,ILDXPT(25),I2 LSTATN(25)

COMMON /PELEM/ PELEM5 ~COMPLEX PELEM(4, 1000)
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COMMON /PHYSCO/ IITPI ,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,CRAV,
2 RHO,GNU,RHOS,RROF,GNUS,GNUF.FTMETR,PUNITS.REYSCL

COMPLEX II
CHARACTER*4 PUNITS(2)

REAL TPI,PI ,PIOT,DEGRAD.RADDEG,VKMETR,METRVK,GRAV,RHO,ONU,RHOS.

COMMON /RDGEO/ BKLEN,WBKMAX.DLBKEL(25) .SRBS(25) ,PHIS(26) ,CPS(25).

2 BKT(25),RKS(25).SSTR(25)3

COMMON /RESPN/ NRESP,IPOINT(182) ,IMOTN(182) .ITYPE(182).
2 ILIN(182),ISYM(162)
LOGICAL ILIN,1SYM

COMMON /RLDBK/ PSUR(25),HMX(25) ,DK(25),CAE(25) ,HQ,NSP-AN.HMNCHD,I

2 HAREA,HXCP,HYCP,HZCP,HGAMMAHYHAT HEARHLCS,RQ(2) ,RSPAN(2),
2 RMNCHD(2).RAREA(2),RXCP(2).RYCP(2S.RZCP(2),RGAMMA(2) RYHAT(n),
2 REAR(2),RLCS(2).SQ(2),SSPAN(2),SMNCHD(2).SAREA(2) ,SXCP(2),
2SYCP(2) S7CP(2LSGAMMA(2),SYHAT(2) SEAR(2) SLCS(2) HQ(2).5
2BSPAN(2S,BMNCHO(2),BAREA(2").BXCP(2S,BYCP(2$,BZCP(2

5. BGAMMA(2),

2BYHAT(2),BEAR(2),BLCS(2).FQ(2),FSPAN(2),FMNCHD(2),FAREA(2),
2 FXCP(2) PYCP(2).FZCP(2),FGAM4MA(2),FYHAT(2) FEAR(2) FLCS(2),

2 PQ(2 ,2)1,PSPAN(2,2).PMNCHD(2,2),PAREA\,2.2),PXCP(,2.2.YCP(2,2).
2 PZCP(2 2) PGAMMA(2.2),PYHAT(2.2),PEAR(2.2),PLCS(2 2),U
2 STADMPUOS.,SHPDMP(1O,8).ENCON.WPHI,TPHI,WME'LM(4 V5SFM4 9 8)
2 REELM(4,9,8),PEELM(4,9,8),FEELM(4,9,8),HEELM(4., 8S.BEELM(4.9s8S,
2 ENWM,ENSF(8,8),ENRE(8),ENPE(8),ENFE(8).ENHE(8),ENBE(S).
2 ENEMV(B,8ýKE:NRL(B),ENPL(8),ENFL(8) ENHL(8),ENSL(8),ENBL(8),
2ENSHP(B,8).RELM (4,9). ITS (25) ,RD (255,EDDY(8,25),RGBt2S)I

EQUIVALENCE (PSUR(1) ,RDBLR(1))

COMMON /SEVERE/ NRSIND,RSINDX,NSWIND SWINDX,RSVTOE,RVPRH
REAL RSINvDX(1 4) , SWINDX(5),RSVTOE(4025

COMMON /SMPSYS/ FIS.AS,SIS,SOS,SDS.HALOS,DEV,PRN,SMPPS,SMPIS.
2 SMPOS,SMPOS.SHPTYPS,SHIPS,VARS,CYCL.S,TlTLESOPTION,LSIS,LSOSP

2 LSHIPS,LTITLESI
CHARACTER* 160 AS
CHARAC'TER*8O FIS ,SIS SO.50550,TITLES
CHARACTER*20 HATflS,DEV,PRN.SMPPS,SMPIS,SMPOS.SMPDS.SHPTYPS
CHARACTER SHIPS*8.VARS*2,CYCLS*2
INTEGER*2 OPTION

COMMON /STATE/ LAT,'VRT,LOADSP AUDRES ,SALT.HEAD.EXROLL,BKEEL

LOGICAL LAT,VRT,LOADS.ADDRES,SALT.HEAD ,EXROLL,BKEEL

COMMON '/STELEM/ STELEM
COMPLLX STELEM(4,9,250)
COMMON /TELEM/ TELEMI
COMPLEX TELEM(4,9,1O)

COMMON /TWOD/ /YY, ZZ, ENN, ISTA
INTEGER ISTA

REAL YY(1O,25).ZZ(1O,25).ENN(4,1O.25)

COMMON /WGHTS/ WTDL,NORM
REAL WTDL(1O.25),NORM(4.1O,26)

CHARACTER*20 DSTS ,ES,T1S,T2S

*START

*set under~low to zero

* CALL UNDERO (.TRUE.)
CALL UNDEL (.TRUE.)
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I AS-ICLS'CALL SYSTEM (AS)

CALL PRELIM

CALL RDSMPSYS

FIS SOS(I:LSOS)//'.TEX'
OPEN (TEXFIL,FILE=FIS,FORM='FORMATTED',STAThS=•UNKNOWN')

AS = '(/19X,"STANDARD SHIP MOTION PROGRAM, SMP93"/25X,'//
2 "'FOR PERSONAL COMPUTERS")'

WRITE (*,AS)
WRITE (TEXFIL.AS)

AS = '(/28X,"DTRC CODE 1561")'
WRITE (*,AS)
WRITE (TEXFIL,AS)

CALL DATE (DS)
AS ='(//28X,"DATE z ",A20)'
WRITE (*,AS) DS

CALL TIME (TS)
T1S=TS
AS = '(/28X,"TIME = ",H)'
WRITE (*,AS) TS
WRITE (TEXFIL,AS) TS

AS c '(//2X,"Running - ")
WRITE (*,AS)
WRITE (TEXFILAS)

AS = '(ii" CALL INPUT")'
WRITE (*,AS)
WRITE (TEXFIL,AS)

CALL INPUT

CMTL TIME (T2S)
CALL ELTIME (T1S,T2S)
TIS=T2S
IF (OPTN .EQ. 1) GO TO 10

AS = '(//" CALL REGWAV")'
WRITE (*,AS)
WRITE (TEXFIL,AS)

CALL RFGWAV

CALL TIME (T2S)
CALL ELTIME (TIST2S)
TIS=T2S

AS = '(//" CALL IRGSEA")
WRITE "',AS)
WRITE TEXFIL,AS)

"CALL IRGSEA
CALL TIME (T2S)
CALL ELTIME (TlS,T2S)

TIS=T2S

AS = '(//" CALL OUTPUT")'WRITE (*,AS)
WrtI7KL kiLArIL,AD;

5 CALL OUTPUT
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CALL TIME (T2S)
CALL ELTIME (TiST2S)

QUIT i

10 CONTINUE

AS = '(//2X,"Finished ' 3
WRITE (*.AS)
WRITE (TEXFIL,AS)

CALL TIME (ES) UCALL ELTIME (TS,ES)

CLOSE (UNIT=TEXFIL)
CLOSE (UNIT=IPRIN)

STOPEND

C DECK SOLVE
SUBROUTINE SOLVE (N,COFFEXC,MOTNULIPIPRIN)

* This routine obtains a solution of the lateral or vertical
* equations of Dotion. S 0

• W.G.MEYERS, DTNSRDC, 072977*i
COMPLEX COFF,EXC,MOTN,UL

INTEGER N,IP
DIMENSION COFF(N,N),EXC(N).MOTN(N),.UL(N,N)
DIMENSION IP(N)

CALL CDCOMP(NNC r ,ULIr)
IF (IP(N) .EQ. o) WRITE (IPRIN,i000)

1000 FORMAT (42H SOLVE -- PROGRAM STOP. MATRIX SINGULAR-)
IF (IP(N) .EQ. o) STOP
CALL, CSOLVE(N,N,ULEXC,MOTNIP)

RETURN
END

C DECK SPFITSUBROUTINE SPFIT (X, Y. ELEMS, NPTS)

*SPFIT created trom SPLINE E N BUBBLE JUNE 19
fits cubic non-parametric spline segments I

* to set of real data points

* INPUTS

X I = array of real independent variables
¥ = array of real dependent variables I
I NPTS = number of (X,Y) data points

* RETURN
SELEMS = array of (NPTS-1) segments in following form

SY(I), D(I), Y(I+I), D(I+I) ) , where
* D = array of second derivatives at data points

* arrays A,B,C are mainly sub diag., diagonal, and super diag.
* D array is the right hand side of matrix equation
* second derivatives at nodes are placed in D array after solution

s olution technique is gaussian elimination ... _

sboundary condition sea by extrapolation of second derivatives

COMMON /10/ SYSFIL.POTFIL,COFFILLCOFIL,ICARD,TEXFILIPRIN,
2 SCRFIL,EPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFILSEVFIL,SPDFIL,
2 ZPTT T.ACFTT..T.ArFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD.TEXFILiyPK±N
2 SCRFIL,HPLFIL,LRAFIL.ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL, 5
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2 SPTFIL,LASFIL,LAEFIL

DIMENSION I(NPTS),Y(NPTS),ELEMS(4,NPTS)
DIMENSION A(100), B(000), C(i00), D(100)

N = NPTS
NL1 N -N
NL2 m N - 2
DO 50 I2,N
IF (X(I) GT. X(I-1)) GO TO 50
WRITE (IPRIN,888) X(I-1),X(I)
GO TO 88888

50 CONTINUE
IF (N LE. 100) GO TO 100
WRITE (IPRIN,999)
N = 100

100 CONTINUE
IF (N .GT. 2) Go TO 125
D(1) = 0.0I D(2) = 0.0
GO TO 378

125 CONTINUE
IF (N .GT. 3) GO TO 150YDDO 2.s((X(3)-X(2))*Y(1)+(X(2)-X(1) )*y(3)-(x(3)-X(f))*Y(2))I 2 / (X(3)-X(2))*(X(2)-X(1))*(X(3)-X(1f))
D(1) = YDD
D(2) = YDD
D(3) = YDD
GO TO 378

1I0 CONTINUE
DO 200 I1-,N
A(I) 0.0
D 1=0.0

200 CONTINUE

* Net up matrices(a tridiagonal. structure)

A(1) = (x(3)-x(2))/(x(3).-x(1))
c(1) - 2.0
D(11 6.00 ((Y(3-1(2))/(X(3)-X(2))-(Y(2)-Y(1)N/

1(1(2)-X(l)))/(X(3)-X(ý))
H z X(3) - 1(2)
DO 280 I=3 NLI
HP = X(I+15 - X(I
CfI) = HP / (H+HP
B(I = 2.0

Dfl -6,0*((Yg1+1)-Y(I))/HP-(Y(I)-Y(I-1))/Hi)/(HIP+H)
H = HP

280 CONTINUE

set boundary conditions

C(2) =(X(2)-XC1))/(X(3)-1(2))
I 2) 1.0
B(2) -1.0-c(2)

C2= 1)()*A(O/B(1) + C(2)

(N)= -1.0 -B 1.0
11solve equations

DO 300 I=1,NL2
i -. .1 + 1£ 12 =I+2
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3
AUG1 = ABS (B(I)) 3
IF (AUGH .LT. I.OE-06) GO TO 275
CONST = A(Il) / B(I)

1(I) B (Ii - CONST*DC(I)
D(I1) = D (Ii - CONST*D(I
IF (I NE. NL2) GO TO 300N = Aý ý - B I)Cfl / V

GO TO 300
275 CONTINUE 3II =I +

D(I) = D(I) / C(I)
DIi)) D(Ii) - B(I1)*D(I)
B Ii) A (Ii)
AMI1) 0.0 I
DI12) I D(N2) - A(12)*D(I)A(12) =0.0
IF (I .NE. N1.2) GO TO 300
A(N) = C(N)

300 CONTINUE
DET = B(NLI)*B(N) - C(NLI)*A(N)STORE =D(N)
D(N) = (B(NLI)*D(N) - D(NL1)*A(N)) / DET
DNL) (D(NLI)*B(N) - C(NL1)*STORE) / DET
IP =0
DO 350 I=2,NL2
31 = N - I
IF (JI .EQ. IP) GO TO 360
IF (1 .EQ. II GO TO 325
DOJI) = (D(JI)-C(JI)*D(JI+I))/B(JI)
GO TO 350

325 CONTINUE
IP = JI-1
STORE = D(JI)D(JI) =D IP)
D(IP) = (STORE - C(IP)*D(JI+I))/B(IP)

360 CONTINUE
DC1) = (D() - A(1)*D(3) - C(i)*D(2)) / B(1)

set up spline segments 5
376 CONTINUE

DC 400 I=I,NL1
I= I + I
ELEMSI, =1
ELEMS 2,1=DI
ELEMS (3,I ) Y(Ii)
ELEMS (4.) D=II)

400 CONTINUE
99999 CONTINUE

RETURN
88888 CONTINUE

STOP I
888 FORMAT ('0 SPFIT -- X VALUES NOT ASCENDING', 2E16.8)999 FORMAT ('0 SPFIT -- NPTS EXCEEDS 100. ONLY 99 SEGMENTS RETURNED')

END I
C DECK SPINT2

SUBROUTINE SPINT2 (SEGS, NSEGS, AREA, NS, TS, NE, TE, IWAY)

evaluates the integral of a function given as h parametric spline 1
* INPUTS
* SECS = spline segements generated by SPLNT2
*NSEGS = number of spline segments
*S = index of segment for start of integration

TS = t parameter for start of integration
t ?i = inuIay n4•i ement for end of integrationTF = t parameter for end of integration
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*IWAY =-1 ,i integral of y dx is to be evaluated
IWAY = 0-, if integral of x dy is to be evaluated

RETURN
AREA = INTEGRAL (AREA UNDER CURVE) FROM (NS+TS) TO (NE+TE)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFILLACFIL ,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFILSPDFIL,
2 SPTFIL,LACFIL,LAEFIL

DIMENSION SEGS(8,NSEGS),CC(14),T(2),A(2)

AREA = 0.0
IF (NS.GE.1 .AND. NS.LE.NSEGS) GO TO 100
WRITE (IPRIN,991) NS
GO TO 99999

100 CONTINUE
IF (NE.GT.NS .AND. NE.LE.NSEGS) GO TO 150
WRITE (IPRIN,992) NE
GO TO 99999

150 CONTINUE
IF (TS.GE.O.0 .AND. TS.LE.1.0) GO TO 200
WRITE (IPRIN,993) TS
GO TO 99999

200 CONTINUE
IF (TE.GE.O.0 .AND. TE.LE.1.0) GO TO 250
WRITE (IPRIN,994) TE
GO TO 99999

250 CONTINUE
IF (IWAY .EQ. 0) GO TO 360
K=i
3=2
GO TO 400

350 CONTINUE
K= 2
3-1

400 CONTINUE
32 = J + 2
J4 = J + 4
36 = 3 + 6
K(4 =K + 4

= K + 8
KO = K + 10
DO 600 I=NS,NE
T1W = 0.0

T2=1.0IF (IEQ. NS)Tf = TS
IF . EQ. NE) T2 TE
CALL CUBC02 (SEGS(1 I) CC)
DDI = (CO)4*CC (Ks) / 6.0
DD2 = (CC (J) *CC (KiO + CC(J2)*CC(K8)) / 6.0
DD3 = (CC(J) *CC(K4) + CC(32)}CC(KIO) + CC(34)sCOCK8)) / 4.0
DD4 = %CC(32) C (K4) + CC J4)sCC KiO) + CC (J6)*CC (K)) / 3.0
DDS = (CC(34)*CC (K4) + CC(J6) *CC(RiO)) / 2.0
DD6 = CC(J6)*CC(K4)
DO 550 L=1,2
IF (T(L) .GT. 0.0) GO TO 450
A(L) = 0.0
GO TO 550

450 CONTINUE
IF (T(L) .LT. 1.0) GO TO 600
A(L) = DD1 + DO2 + DO3 + DD4 + DDS + DD6
GO TO 550

500 CONTINUE
A(L) = ((((( DDI * T(L) + DD2) * T(L) + DD3) * T(L) + DD4)

2 * T(L) + DDS) * T(L) + DD6) * T(L)
550 CONTINUE

AREA = AREA + A(2) - A(1)
600 CONTINUE
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99999 CONTINUE 3
RETURN

991 FORMAT ('0 SPINT2 -- NS =, I5, ' OUT OF RANGE'
992 FORMAT ý'0 SPINT2 -- NE ', I5, ' OUT OF RANGE' )
993 FORMAT '0 SPINT2 -- TS ', E12.5, ' OUT OF RANGE'
994 FORMAT ('0 SPINT2 -- TE =', E12.5, ' OUT OF RANGE'

END

C DECK SPINTG
SUBROUTINE SPINTG (XA, XB, X, NPTS, ELEMS, A, CINTG, SINTG)

• SPINTG created from SUMSPL and SPLFIT U
• evaluates the integral of a real function defined by
• non-parametric spline segments

• INPUTS
XA = lower limit of integration

* XB = upper limit of integration
• x = array of independent variables
* NPTS number of values in x-array
* ELEMS non-parametric spline segments generated by SPFIT
* A = constant for specific integral to be evaluated

* RETURNS
CINTG = INTEGRAL OF F(I) * COS(A*X)

• SINTG = INTEGRAL OF F(X * SIN (A*I)
* IF A = 0.0 , THEN CINTG = INTEGRAL OF F(X), AND SINTG = 0.

DIMENSION X(NPTS),ELEMS(4,NPTS)

CINTG = 0.0
SINTG = 0.0
CALL SPLVAL (X, NPTS, ELEMS, XA, YA, SA, IA)
CALL SPLVAL (X, NFTS, ELEMS, XB, YB, SB, IB)
A2 = A * A
A3 = A * A2
A4 = A * A3
DO 500 I=IA,IB

IF (I .GT. IA) GO TO 100
X1 = XA
X2 = X(l+1) 3
Y1 = YA
Y2 = ELEMS(3,I)
S1 = SA
S2 = ELEMS(4,I)
GO TO 300

100 CONTINUE
IF (I .LT. In) GO TO 200
x2 = X(I)
X2 = XB I
YI = ELEMS(1,I)Y2 = YB
S1 = ELEMS(2,I)
S2 = SB
GO TO 300

200 CONTINUE

X2 = X(1+1)
Yi = ELEMS(1,I)
Y2 = ELEMS(3,1)
Si = ELEMS 2,!
S2 = ELEMS 4,1)

300 CONTINUE
XX = X2 - X1
IF (A ME. 0.0) GO TO 4001
SF.TNT = (Y2+YI) * XX / 2. - ($2+S1) * XX**3 / 24.

CINTG = CINTG + SEGINT
GO TO 500

400 CONTINUE I
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3ZAA = (52-si) / (XX *6.)

ZEB = Si / 2.
ZCC =(Y2-Yi) / XI (S2 +' 2.*Si) *XX /6.
AIX = A * XX
E =SIN (AXX)
F =Cos (AIX)
112 = XX * XX

XX X* 112
p 3.*A2*XX2 - 6.) /A4
0 =A2*XX3 - 6.*XX) /A3

AAi F*P + E*Q + 6.1A4
AA2 = E*P - F*5
PP = (2.*XX) A2

QQ= (A2*XX2 - 2.) / A3
BBI = F*PP +- E*QQIBB2 = E*PF - F*QQ - 2./A3
XXA =XX / A
CC1 = (F-l4)/A2 + E*XXA
CC2 = E/A2 - F*XXA
DDl = E/AIDD2 = (1.-F)/A
AXI A * Xl
VV = GaS (All)
UU =SIN (All)
PPP = ýAA1*ZAA + BBI*ZBB + CCi*ZCC + DDl*YI)

q = AA2*ZAA + BB2*ZBB + CC2*ZCC + DD2*Y1)
SISEG =UU*PPP + VV*QQQ
CISEG =VV*PPP - UU*QQQ
CINTG =CINTG + CISEG
SINTG SINTG + SISEG

800 CONTINUE

RETURN
END

C DECK SPLNAR
SUBROUTINE SPLNAR (P. NPTS, SPAREA,PSEGS, NS)

COMMON /10/ SYSFIL,POTFIL*COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2SCRFIL,BPLFIL,LR&FIL3ORGFIL,RAOFIL,RMSFIL ,SEVFIL,SPDFIL,
2 SPTFIL ,LACFIL ,LAEFIL

INTEGER SYSFIL,POTFILCDFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOF'IL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFII;,LACFIL,LAEFIL

DIMENSION P(2,iO),PSECS(8 9)
DIMENSION NDIC2) ,ENDI(2,25

DATA ZEROONE /0.0,1.0/£ DATA NDI,ENDI /2*1,4*0.0/

CALL SPt.1T2 (PSEGS ,P ,NPTS ,NDI ,ENDI)
CALL SPINT2- (PSEGS,NS,SPAREA,1,ZERO,NS,ONE,0)£ RETURN
END

C DECK SPLIFT£ SUBROUTINE SPLUFT
routine used -o write offsets to UPLJFIL for graphics

COMMON /DATINP/ OPTN,MOTN ,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRA~rR,ADRPR,ORGOPTNCMNOM,KC,STATN(2S) ,NSOFST(26'),
2NLEWF(25r) HLFBTB(10.26),WT&LI.NE(iO,26),BLEWF(25),TLEWF(25),

2 ArtEALF(265 ,NPTLOC,PTNUMB(10) ,PTNAME,XPTLOC(10) ,YPTLOC(10),
2 ZPTLOC (10) ,NBB,FBNUMB(iO¾,FBNAME,XPTFBD(10),YPTFBD(10¾,
2 ZPTFBD(1O).FBCODE(1O),FBTYPE,RDOT(10),VKDES,FNDES,2U~lNMSAI2l, STATMSTATICHARACTER*4 PTAEý1)Ff PEbi)SAN(&,fTP(~0

I'ATEGER OPTN ,MO'IN ,BSCFIL,VLACPR,RAOPRDADRPR,RLDMPR,FBCODE,£ 2 FBNUMB,PTNUMB ,ORGOPTN
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REAL KG3

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,ORAFT,LCF,
1 VCG,GH,DELGM,NEBLA,KPITCHI,KROLL,KYAW,KYAWRL,AWP,VCB,FBDX,FIIOY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,HSTAT,TITLE,MASS,

2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL, U
2 AREANX ,WSURF ,GIRTH ,FBDZV DBLWL,TLCB

INTEGER NSTATN ,NOFSET(285 ,NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(1O,28)Z,7(10,25;),FBDZV(8,10).LPP,BEAM.DBLWL,TLCB,
2DRAFT,LCFVCG GM DELGMNEBLA,KPITCH,KROLL,KYAW,KYANRL.AWP ,VCB,I

2 FBDX(10) FBDY(1OS,FBDZ(1O),XPT(10),YPT(iO),ZPT(1O),LCB,GKL,
4 ASTAT(2&5 ,BSTAT(2S) ,MASS,DISPLM,IPITCE,IROLL,IYAW,
S IYAWRL, CHEAVE,CPITCH ,CI{EAPI ,CROLL,AREAMX ,WSURF ,GIRTH(25)

COMMON /10/ SYSFIL,POTFIL,,COFFTL,LCOFIL,ICARDTEXFIL,IPRIN,I
2 SCRFIL,HPLF1L,LRAFrIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPOFIL,
2 SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXF'IL,IPRIN.
2 SCRFIL,HPLF1L,LRAPIL,ORGFIL ,RAOFIL,RMSFIL ,SEVFIL,SPDFIL,

2 SPTFIL,LACFIL,LAEFIL
COMMON /PHYSC'O/ II,TPI,PI,PIOT,DEGRAD,PRADDEG,VKMETR,METRVK,ORAV,

2 RHO,GNU,RHOS,.RHOF,GNUS,GNUF,FTMETR,PUNTTS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)a
REAL TPI,PI.PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,

1 RHOFG* , GNUF,FTMETR

COMMON /SMPSYS/ FIS,AS,SIS,SOS,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2 SMPOS,SMPOS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS,LHALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,
2 LSHIPS,LTITLES
CHARACTER* 160 AS
CHARACTFR*80 PIE, ISTE0, SOSDS. TITLESI
CHARACTER*20 HALOS,DEV .PRJ ,SHPPS ,SMPIS ,SMPOS ,SMPDS,SHPTYPS
CHARACTER EHIPS*6.*VARS*2 ,CYCLS*2
INTEGER*2 OPTION

flIKENSION P(2,±0),PSEaS(8,9),CC(14),AY(9oo),Az(900),3
2 IIFBCIO,215),WTR(10 26),NDI(2),ENDI(2,2)

CHARACTER*6 SNAMEU6)
CHARACTER*80 ATITL
CHARACTER STSP*303

DATA SNKAE /'YFWD','ZFWD¼'Ykfl",'ZAFT','HLFBTH','WTRLNE'/

DATA NDI,ENDI /2*1.4*0.0/.

DO 30 K=1.NkSTATN
YPTS = NSUFST(K)3
HFB1 1 )=LFT(,0
WT(I.K) = WTRLNE(1,1K

10 CONTINUE
IF (VFTS.EQ. 1 .AND. STATN(K).GT.1O.0) HFB(1,K) =-HFB(1,K)I
II-? = 10 - NP'"S
IF (EPT .EQ. 0) GO TO 30
DO 20 I-4,NIPT
IPT I + UPTE
HFB (YPTK) HFE(NPTSK)
tTTR ( PTK)= WTR(NPTSK)

20 CONTINUE
Z;0 CONTINUE

DX =LPP/20
WRITE(STSP,1000) DX,PUNITS(1),PUNITS(2)

1000 FORFAT ('STATION SPACING :;',F6.2,1X,A4,A2)
WRITE(ATITL,100,) TITLE

1010 FORMAT (20A4)

*open. file for hull offse)t plotting
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FIS = SDS(1:LSDS)//'.HPL'
OPEN (UNIThHPLFILPFILE=FIS,STATUS=IUNKNOWNI)

WRITE (HPLFIL,1o2o) ATITL
1020 FORMAT (A80)

WRITE (HPLFIL,1030) STEP
1030 FORMAT (A30)

NOS =10
L =05 40 KOUNT = 0

NPTS =NSOFST(K)

IF (liFTS .EQ. 1) GO TO 100
L =L + 1
AY(M 0.
AZ(L) == WTR(NOS,K) - DRAFT
DO 50 3=1,NOS£ IF ýSTATNN®.GT. 10.0) RFB(J,K) =-HFB(J,K)

Pý2,3) = WTRB,3

50 CONTINUE
CALL SPLNT2 (PSEGS,P,NUS,NDI,ENDI)

D703=1 , N
CALL CUBC02 (PSEGS(1,J),CC)

DO 60 I=1,NT

T =(I-i)*DT
T2 =T*T

60 S= CC *T3 + CC 4~ *T2 + CC~ 6 *T + CC8
60CONTINUE

WRITE (HPLFIL,1040) SNAME(3) ,SNANE(4)
WRITE (HPLFIL,10S0) L
DO 210 I=1)L
WRITE (iJPLFIL,l0eo) AY(I),AZ(I)

210 CONTINUE
GO TO 120

110 WRITE (HPLFIL,1040) SNAME(1),SNAME(2)
1040 FORMAT (AS,41,A6)

WRITE (HPLPIL.1050) LI1060 FORMAT (216)
DO 220 11I,L
WRITE (HPLFIL,1060) AY(I),AZ(I)

1060 FORMAT (10F7.2)
220 CONTINUE

L =0
GO TO 130

120 WRITE (HPLFIL,104fl) sNANE(S),SNAME(8)
WRITE (HPLFIL,10S0) NOS,NSTATNI DO 230 K=1.NSTATN
WRITE (HLFIL,1060) (HFBH (K),I=1,NOS)
WRITE (HPLFIL,106O) (WTR(I:x) ,1=1,NOS)

230 CONTINUE
130 IF (KOUNT .LT. ISIATN) GO TO 40

CLOSE (UNIT=HPLFIL)5 RETURN
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END 3
C DECK SPLNT2

SUBROUTINE SPLNT2 ( SEGS. P. NP, NDI, ENDI
SPLNT2 created from SPLNT ( NAVSEC-NOOO ) - A M REED JULY 1976

fits cubic parametric spline segments through set of data points
* INPUTS

P array of (X,Y) points
NP = number of points I

* ND1(1) = 1, if initial slope not specified at first point

SND1(1) = 2, if initial slope is specified at first point
* NDI(2) = 1, if initial slope not specified at final point

NDI(2) = 2, if initial slope is specified at final point I
* ENDI(1,1) = DX/DT at first point -- not required if NDI(1)=1

* ENDI(2,1) = DY/DT at lirst point -- not required if NDI(1)=1
* ENDI(1.2) = DX/DT at final point -- not required if NDI(2)=1
* ENDI(2,2) = DY/DT at final point -- not required if NDI(2)=1

* RETURNS
*SEGS = array of (NP-i) segments in endpoint/tangent form

X(I),Y(I),DX(I),DY(I),X(I+1),Y(I+1),DX(I-i1) ,DX ('+i)

COMMON /10/ SYSFIL.POTFIL,COFFILLCOFIL,ICARDTEXFILIPRIN,
2 SCRFIL,EPLFIL.LRAtFILORGFIL,RAOFIL,RMSFIL,SEVFiL,SPDFIL,
2 SPTFILLACFILLAEFIL

iNTEGER SYSFIL,P0TFIL.COFFILLCOFILICARD.TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,.ROFIL,RAOFIL,RMSFIL,SEVFILSPDFIL,2 SPTFIL,LACFIL,LAEFIL

DIMENSION SEGS(O,NP),P(2NP) ,ND7(2) ,ENDI(2,2)
DIMENSION DS(2,70),INDEX(70) ,RI(70),R2(70),R3(7O),R4(70),

2 CS(70),T1O(2),T21(2)

DATA T1O / 1.0, 0.0 1,
1 T21 / 2.0. 1.0 /

initialize segs array. determine deltas, chord lengths and
indices of non-zero length segments.

M= i
N NP
N1= N - 1
IF (NI .LE. 69) GO TO 1000
NI = 69
WRITE (IPRIN,999)

1000 CP Z 0.0JO 1120 J = 1, 11
INDEX(J) = J
C =0.0
DO 1100 I = 1, 2
P1 = P(I,J)P2 =P(IJ+1)

DELTA = P2 - P1
C = C + DELTA*DELTA
DS(I.H) = 3.0*DELTA
SEGSU(,J) = P1
SEGS(I+J) = P1
SES(I+2,J) = DELTA
SEGS (I+6,J) = DELTA

1100 CONTINUE
IF (C .LE. 0.000001) GO TO 1110C = SQRT( C)
cs(M) Z c
Rl(M) = C
R3(N) = CP 1INDEX(N) =J

CP = C

180 I
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1110 CONTINUE
1120 CONTINUE

N=M
M=N -1I

check for degenerate case (only 2 points)

IF (N .GT. 2) GO TO 1200

degenerate case. set single segment tangent vectors.

3 = INDEX(1
C = CS(i)
DO 1240 1 = 1, 2
iF ND:I ,GT. I SEGS I+2, = ENDI1:,1 *C
IF ND!O2 .T. 1 SEGS I+6, ENDI 1,2 *C

1240 CONTINUEGO TO 99999

1300 CONTINUE

S* set end conditions of tri-diagonal matrix

I = NDI(1)

R2(1) = T21(I)
R3(1) = TIO(1)
I = NDI(2)
RI(N) = TIO(I)
T2 = T21(I)

solve matrix tor tangent vectors

DO 1340 1 = 1, 2
R4(1) DS(I,I)/CS(1)
IF ( DI(1) .GT. 1 ) R4(1) = ENDI(II)
DO 1315 J = 2, N
R = CS(j-1)/CS(J)
R2• ) = 2.0*(CS(J) + CS0-1))
R4 (J) = DS(I,J)*R + DS(I,J-1I/R

1318 CONTINUE
R2(N) = T2
R4(N) = DS(I,2)/CS(N)
IF (NDI(2) .GT. 1) R4(N) = ENDI(I,2)

•m DO 1330 J = 1,M

R = RI(J+I)/R2(3
R2(J+I) 3 R2(3+1 - R3(3)*R
R£(J+I) = R4(J+i - R4(J)*R1330 CONTINUE

i DN = R4(N)/R2(N)

DO 1335 L = 1, M
3 N- L
K = INDEX(J)
DJ = (R4(3) - R3(J)*DN)/R2(J)I SEGSýI+2,K DJ*CS(J'ý
SEGS I+6,K = DN*CS(J'

DN = 1)3DN = DJ

1335 CONTINUE
1340 CONTINUE
99999 CONTINUE

RETURN

999 FORMAT('0 SPLNT2 -- NP EXCEEDS 70. ONLY 69 SEGMENTS RETURNED.')

END

C DECK SPLVAL
SUBROUTINE SPLVAL (X, NPTS, ELEMS, XO, YO, SO, IELM)

SPLVAL created from SPLFIT
evaluates a real non-parametric spline

3_ * INPUTS
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X = array of independent variables i
* NPTS = number of values in x-array
* ELEMS = spline segments generated by SPFIT
* X0 = x-value at which spline is to be evaluated

RETURNS I
* YO = F(XO) = y-value evaluated at xO
* SO = second derivative evaluated at xO
* IELM = index of spline segment containing xO I

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

IWTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFILLRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL

DIMENSION X(NPTS),ELEMS(4,NPTS)

N = NPTS I
IF (XO.GE.X(1) .AND. XO.LE.X(N)) GO TO 100
WRITE (IPRIN,999) XO
GO TO 99999

100 CONTINUE
DO 200 I=2,N
IF (XO .GT. X(I)) GO TO 200
GO TO 300

200 CONTINUE
300 CONTINUE 3

XX = X(1+1) - X(I)
Xl 0 X0 - X(I)
X2 = X(1+1) - XO
XX6 = XX * XX / 6.0
Y1 = ELEMS(i,I) I
Y2 = ELEMS (3,1)
Si ELEMS (2,)
52 ELEMS (4,1)
YO = (Si * X2**3 + S2 * X1**3) / (6.0 * XX) +
( (YI - SI*XX6) * X2 + (Y2 - S2*XX6) * X1 ) / XX
SO = (Si * X2 + S2 * XI) / XX

IELM = I

RETURN 3
99999 CONTINUE

STOP

999 FORMAT ('0 SPLVAL -- EXTRAPOLATION NOT ALLOWED. 1O =', E16.8)

END
DECK SPPLV2 I

SUBROUTINE SPPLV2 (V, P, SEGS, NSEGS, PT, NINT, TINT, INT)

* SPPLV2 created from LNPLI2 and LNPLI

* finds intersection between a curve defined by a parametric spline
* and a plane defined by a point and a direction vector I
* INPUTS
* P(i) = X-COORDINATE OF POINT USED TO DEFINE THE PLANE
* = -COORDINATE OF POINT USED TO DEFINE THE PLANE
* V( = -COMPONENT OF VECTOR PERPENDICULAR TO THE PLANE

V V2 =YCOMPONENT OF VECTOR PERPENDICULAR TO THE PLANE
* SEGS = SPLINE SEGMENTS IN ENDPOINT-TANGENT FORM, FROM SPLNT2
* NSEGS = NUMBER OF SPLINE SEGMENTS

+ PzrJPNSI
* PT(1) = X-COORDINATE OF THE INTERSECTION
* PT(2) = Y-COORDINATE OF THE INTERSECTION
* NINT = INDEX OF SEGMENT IN WHICH INTERSECTION LIES I
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